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Description 

Until recently the localization of intravascular drugs in body tissues has depended on chemical partitioning across 
microvascular baniers Into the tissue compartments of multiple body organs. This resulted in only 0.01% to 0.001% of 
theiniected dose actually reaching the irtended targets. Approwmately 20 years aga 

and microspheres. This modified the initial biodistributions and redirected them to phagocytes in the retiduloendothelial 

organs: liver, spleen and bone marrow. w ^« ^ i /^«-k>\\ 

In 1978 the present inventor and coworkers (Widder. fiLaL Proc. Am. Asgn. Cgnp^r R^s.. V. 19, p 17 (1978)) 
developeda'moans to co-entrapdrug plus magnetiteinmlcrospheres which could be injected 
magnetically in the tissue compartments of nonreticuloendothelial target organs (e.g.. lung and brain). Magnetic capture 
was accomplished by selective dragging of the particles through the vascular endothelium into normal tissues and tissue 
tumors positioned adjacent to an extracorporeal magnet of sufficient strength (0.5 to 0.8 Tesia) and gradient (0.1 
Tesla/mm). Although this technique was highly efficient and deposited between 25% and 50% of an injected dose in the 
desired target tissue/it was alsoavery complicated approach which had thefo^ 

of use to specialized medical centers: 2) permanent disposition of magnetite in target tissue: 3) focal overdosing of drug 
due to inhomogeneity of the capturing magnetic field: and 4) application to a very limited number of therapeutic agents. 
In the process of studying magnetic targeting, however, it was learned that slow (controlled) release of toxic drugs from 
entrapment-type carriers (microspheres) protected the normal cells within the local tissue environment from dmg toxicity 
and still gave effective treatment of tumor cells and microorganisms. 

When monoclonal antibodies becamegenerallyavallablefbr animal and clinical research, it was hoped that antibody- 
drug conjugates would limit the biodistribution of toxic agents and cause them to become deposited in foci of disease 
(tumors and infections) which were located across the microvascular barrier within target tissues. Unfbrtunately. most 
monoclonal antibodies were (and are still) obtained from mice, making them immunologically foreign to human recipients. 
Conjugation of drugs at therapeutically relevant substitution ratios makes the monoclonal antibody derivatives even more 
foreign and impairs their binding spedflcltles. Hence, antibody-drug conjugates are cleared rapidly by the liver, in a 
fashion similar to that for liposomes. Importantly, their localization in most solid tumors is even further impaired by the 
presence of a partially intact microvascular barrier which separates the tumor tissue (interstitium) from the bloodstream. 
This allows only about 1% to 7% (at best) of the injected dose to reach nonreticuloendothelial targets. Selected lympho- 
mas and leukemias provide exceptions to this rule because of a greater natural breakdown of this vascular bamer. 
However, for the vast majority of solid tumors and Infections, a general-purpose method is still needed to deliver drugs 
efficiently across microvascular ban'iers in a depot (controlled release) form. 

Such a form of drugs is necessary in order to protect vascular endothelium and normal tissue cells from the toxic 
effects of drugs, protect drug from endothelial and tissue metabolism during transit, and make drug bioavailable at a 
controlled therapeutic rate within the target tissues and tissue lesions. 
35 Active endothelial transport has been demonstrated for small molecules (e.g.. glucose and insulin), however, no 
studies other those that of the present inventor have shown such transport for larger molecules or molecules earned in 
a cargo format. Present examples show that transendothellal migration of particles and molecular aggregates larger 
than ca 2 nm in diameter are accelerated by the application of surface coatings which bind multiply to receptors or 
antigens which are either synthesized by endothelium or are synthesized at other sites but become tightly associated 
40 with the endothelial surface. (Ranney. PioCrhftm. PharmacolQgy, V. 35. No 7, pp. 1063-1069 (1986)). ^ ^ . „ 
CA-A-1 168 150 discloses a conjugate of albumin and a therapeutic agent which is made targetaWe by chemically 
linking the conjugate to an agent with binding specHicity for receptors on the target cells, such as leukemia-like-tumors 
and hepatocytes. The albumin-camer is included in the conjugate in an amount sufficient to mask the antigenicity of the 
therapeutic agent. The conjugate is delivered to the specific cell-surface receptor and internalized via the receptor itself, 
45 The present invention involves a drug carrier or a diagnostic carrier composition comprising a drug or diagnostic 
agent in combination with a multivalent binding substance which binds to determinants of endothelia or epithelia that 
separate the blood compartment or external body surfaces from underlying tissues or sites of disease, said binding 
substance inducing transendothelial or transepithelial transport of the drug or diagnostic agent across said endothelia 
or epithelia into proximal tissues or sites of disease. 
so Accordingly, the present Invention involves a composition of matter comprising a carrier having a surface, at least 
two molecules of drug or diagnostic agent contained by the carrier and a multivalent binding agent specific for endothelial 
surface determinants. At least a portion of said binding agent is attached to the surface of the carrier. The earner has a 
size of less than 3 micrometer (jim). The binding agent is one which bioadheres to endothelial surface determinants 
and induces envelopment of the carrier by endothelial cells of a vascular wall and transfer across said wall to proximal 
55 tissues. The term bioadhere as used herein means interactions characteristically encountered In biological systems 
involving multiple molecular and usually noncovalent bonds. 

The earner involved In the method and composition of matter of the present Inventton preferably comprises one or 
more of macromolecules. microaggregates, microparticles, microspheres, nanospheres. liposomes and microemul- 
sions. The endothelial surfacedeterminants are those characteristic of endothelial tissues, so^^ 
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further as being enhatwed in quantity v*en pioxhnaltotissue lesions. These endoth^^^ 

for example. Factor VIII antigen. Interleukin I receptor, endothelial thrombomodulin, endothelial tissue factor, suben- 
dothelial tissue moieties, fibrin D-D dimer and GP 2h«a glycoprotein complex. 

The multivalent binding agent of the present invention is preferably a substance such as heparin, a heparin fragment 
5 or Ulex Europaeus I lectin. In certain cases an antibody directed toward endothelial surface antigens could be utiized 
as the multivalent binding agent. The multivalent binding agent of the present invention may also be directed tward 
suberelothelial tissue moieties such as laminin, type IV collagen, fibronectin or a fibronectin fiagment chemotecdc fw 
monocytes. These subendotheliat moieties may. for example because of lesion formation, be exposed to vascular fluKte 
and thus bind and/or envelop the compositiondmatter of the present invention. The conposition of matter of the presert 

10 invention may comprise a multivalent binding agent which binds to vascular endothelium via endothelial surface rec^ 
tors surface enzymes, substances which coat the endothelial surface or substances which immediately underty the 
endi)«helium and may be deposited, exposed or altered in normal vascular endolheBum or proximal to fba of tissue or 

endothelial disease. ..... ^. , , 

The composition of matter of the present invention may be used in a procedure involving binding of a sample thereof 

J5 to endothelia and an inducticn of the endothelia to totally or partially envelop the bound sample in. for example, less 
than 1 0 to 1 5 minutes. The interaction of the composition of matter of the present invention vnth endothelia may produce 
an induction of the endothelia to undergo transient separation or opening, thereby exposing subendothelial determinants 
for which the composition of matter may also have binding affinity. The composition of matter of the present inventton 
may. by interaction with endothelia. produce an induction of total or partial sequestration of an associated drug or diag- 

20 nosBc agent at an early time when it still resides in or protrudes into an associated vascular lumen. 

The composition of matter of the present invention may be characterized by the interaction of a sample thereof with 
endothelia which produces an acceleration of transport of thesampleacross at least one of associated vascular endothe- 

lial and/or subendothelial structures into a proximal tissue compartment. The interaction of a sample of the composition 
of matter of the present invention with endothelia may resuK in improvement of the efficiency with which an associated 
25 drug or diagnostic agent migates across the endothelia and associated structures such that a reduced total dose of 
drug or diagnostic agent may be administered to obtain effects comparable to a significantly higher dose of free drug or 

diagnostic agent . ... « u « 

The composition of matter of the present invention is preferably a microsphere in certain embodiments. Such a 
microsphere comprises a matrix and is less than 3 jim in diameter. The matrix is preferably a carbohydrate and may be 
30 a carbohydrate such as heparin which also has multivalent binding capabilities. Dextran is also a preferred matrix and 
may preferably be coated withamultivalert binding agent such as heparin.for example. In this latter case the comp^ 

of matter of the present invention is preferably about 10% (wAw) heparin. 

A dmg or diagnostic agent comprised in the composition of matter of the present invention may be an antifungal 
polyene macrolide such as amphotericin B. The amphotericin B or other hydrophobic drug or diagnostic agent may be 

35 in a cydodextrin complex. The drug or diagnostic agent such as amphotericin B may be in a controlled-release form, 
for example within internally entrapped micelles of pluronic F68™ block copolymer, polyoxypiopylene-polyoxyethylene. 

The conposition of matter of the present invention may preferably comprise a microsphere carbohydrate matrix 
and, as a multivalent binding agent, an exposed or covert lectin capable of binding endothelial surface detem^nants, 
enzymes, epi-endolhelial or subendothelial substances. 

40 -The composition of matter of the present invention, in one prefen-ed embodiment, comprises a earner having a 
surface at least two molecules of drug or diagnostic agent contained by the can-ier. a multivalent binding agent spea^ic 
for endothelial determinants, at least a portion of said binding agent being attached to the surface of said earner rnd a 
removable coating which renders the multivalent binding agent unexposed to external contact& The removable coating 
is a coating subject to removal by a triggering went. The triggering event is a condition such as lowered pH. temperature 

45 alteration, contact with normal endothelia.. contact with abnormal endothelia. altered enzyme levels or physical changes 
induced by application of external forces such as radiofrequency. ultrasound, magnetism or electricity. 

The conposition of matter of the present invention, with or without a removable coating may be one in which the 
muHhmlent binding agent is a lectin with affinity for endothelial, epi- or subendothelial determinants. In one prefenred 
entoodiment the lectin is Ulex Europaeus I lectin and the removable coating is fucose. fucosyl albumin or albumin-f ucosyl 

so conposition of matter of the present invention may comprise a multivalent binding agent which is an antibody 

with affinity for endoflnelial or subendottielial binding sites. The multivalent binding agent of the present invention also 
may be a substrate for an endothalial or epi-endothelial enzyme: a peptide, for example benzoyl-phenyalanyl-alanylpro- 
line which has a substrate affinity for endottielial angiotensin converting enzyme. 

55 In another preferred en*)0diment of the present Invention, the drug or diagnostic agent and the multivalent binding 
agent are tine same and comprise a molecular microaggregate of 1 to 200 nanometers in molecular diameter, most 
preferably where ttie drug or diagnostic agent and the multivalent binding agent are the same and comprise a molecular 
microaggregate of heparin of about 1 to 200 nanometers in molecular diameter. 
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The composition of matter of the present invention is, in a preferred embodiment, in a pharmaceutically acceptable 
solution suitable for Intravascular or other parenteral Injection. 

Methods of use of the composition of matter of the present invention comprise administration to an animal of a 
carrier having a surface, at least two molecules of drug or diagnostic agent contained by the carrier and a multivalent 
5 binding agent specific for endothelial surface determinants, at least a portion of said binding agent being attached to 
the surface of said carrier as described above. The above composition of matter is preferably contained in a pharma- 
ceutically acceptable carrier. The multivalent binding agents are selected for the particular targeted sites, most especially 
the endothella. The drug or diagnostic agent is selected according to the particular lesion being treated or the diagnostic 
method being utilized. The carrier may be a natural or synthetic polymer. 
w Figure 1 is a lung tissue section stained with PAS. which is representative of the test mice saaificed 2-5 minutes 
after intravenous injection of the unhealed, acetone-stabilized heparin microspheres. 

Figure 2 is a lung tissue section stained with PAS, which Is representative of the test mice sacrificed 10 minutes 
after intravenous injection of the same heparin microspheres as in Figure 1 . 

Figure 3 is a lung tissue section stained with PAS. which Is representative of the test mice sacrificed 2-5 minutes 
IS after intravenous injection of the fucose-blocked, Ulex Europaeus agglutinin l-coated spheres of Example 4. 

Figure 4 Is a lung tissue section stained with a reticulin stain, which is representative of the test mice sacrificed at 
10 minutes after intravenous Injection of the identical fucose-blocked, Ulex Europaeus agglutinlnlcoated spheres of 

Examples. .^^ . . 

Figure 5 is a lung tissue section stained with PAS, which is representative of the test mice saaificed 20 minutes 
20 after Intravenous injection of the Identical fucose-blocked spheres of Examples 3 and 4. 

Figure 6 is a representative example of control nticrosphere (MJ of plain agarose which is present within a lung 
microvesset (V) 10 minutes after Intravenous injection. 

The present invention involves nontoxic, biodegradable small microspheres (less than 3 miaometers (jim) in size) 
and microaggregates {1-200 nanometers, nm) comprising (or coated with) endothelialblnding substances. These sub- 
25 stances induce the following serial steps upon Intravenous injection of particles into test rodents: 1) endothelial bioad- 
hesion; 2) rapid (2-minute) endothelial envelopment (partial or total) of the particles (microaggregates): 3) a facilitated 
(accelerated) migration of intact drug-carrier particles across microvessels Into the tissue compartment; (which is largely 
complete within 10 to 20 minutes of Injection); and 4) delayed release of drug (or diagnostic agent) from a microsphere 
formulation of envelopment carrier which is known to correlate with controlled bioavailability of drug within the target 

30 tissue (lesion) iawvQ. ^ , *: 

The examples presented herein include three major approaches for compositions of matter serving as formulation 
carriers for efficient, nonmagnetic drug localization in normal and diseased tissues, eittier in the presence or absence 
of potentially competing receptors on the surfaces of circulating red cells, white cells or platelets. These approaches are 
as follows: 1) microparticles (and microaggregates) comprising (and coated witti) heparins which bind to ttie comple- 

35 mentary heparins and heparan sulfates present on normal endothelium throughout the body (lung and brain binding are 
documented below); 2) microparticles with surface-conjugated Ulex Europaeus agglutinin I, a glycoprotein which binds 
to factor VIII antigen present on the luminal surface of endothelium and which is reported to be present at inaeased 
densities in foci of disease (Loesberg et al., Biochem. BioDhvs. Acta. V. 763. pp. 160 (1983)); 3) microparticles with 
surface-conjugated Ulex Europaeus agglutinin I, in which tiie factor VIII antigen-binding site is of the Ulex agglutinin 

40 blocked noncovalently by addition of tiie sugar hapten, L-fucose. in order to render tills site covert (reversibly coated) 
and prevent its binding of potentially similar receptors on circulating red blood cells. Surface-coated microcarriers may 
also make use of interieuWn 1 and its receptor sites Induced by disease on the surface of vascuter endothelium (Ubby 
et al.. Fed. Pmc. V 45. p. 1074 (1986)). 

For tiiese examples, initial morphometric data indicated ttiat at least 25% of the injected carrier migrated across 

45 microvessels of the first target organ encountered, namely, lungs by the intravenous route, and brain by the carotid 
arterial route. Hence, these new carriers are (by a factor of five) the most efficient general-purpose drug delivery devices 
described. In one example, microparticles (0.1 to 0.6 jmi) of amphotericincydodextrin which released the drug at a very 
slow rate (t 1/2 greater than about 36 hours) were entrapped witiiin larger (5 to 25->im) macropartides of a more rapidly 
degrading heparin matrix (t 1/2 about 1 5-minutes in flowing blood and blood amylase). Such a hybrid microcarrier allows 

so for botti slow release of the extravascular drug within tissues and rapid degradation of the fragments remaining within 
microvessels. The tetter property minimizes transient disruption of microvascuter blood flow which might othenwise occur 
upon infusion of therapeutically relevant doses of the microcarrier. This formulation comprises a true "cellular drug carrier" 
because it mimics tiie morphology and function of white blood cells (living macropartides). which migrate into tissue 
lesions and release lysosomal enzymes and lymphoWnes (biopharmaceuticals) as a controlled rate from tiieir intracel- 

55 lular granules (living microparticles). 

From tiie results of ttie present invention and known biological functions and relationships involving endothelial and 
related binding substances, the following extensions of the present technology involving multivalent binding agents and 
variations thereof appear readily accomplished. These extensions may be grouped as relating to multivalent binding 
agents as follows: 
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GROUP I. Substances which bind to native endothelium such as: 



I. Heparin 

I H?^f^^Bnts and synthetic analogues which bind antithronlbin III (pentasaccharides, hexasaccharides and 
oligosaccharides) 

4. Ulex Europaeus I agglutinin (binds factor Vill antigen) 

5. F-met-leu-phe 

6. t-boc-leu-phe-leu-phe 

7. Benzoyl-phe-ala-pro (BPAP, binds angiotensin converting enzyme) 

8. Other inhibitors of angiotensin converting enzyme 

9. 5'-nucleotides (bind 5 -nucleotidase) • ^ 

10. Inactive congeners of the biogenic amines, 5-hydroxytryplamine and norepinephrine 

I I . Insulin and inactive insulin analogues 

12. Transfenin 

13. Prostaglandins E. F and stable congeners 

14. Peptide substrates and inhibitors of tissue plasminogen activator (tPA) 

1 5. Albumins and glycosylated albumins 

16. Cationic ferritin 

17. Low density lipoproteins (LDL) 

18. Hirudin-inhibited thrombin (binds thrombomodulin) 

19. Antibodies against (and receptor molecules for): Surface carbohydrates of: 

1 . Central lymph-mode endothelium (MEL-1 4 and MECA-367 Ab's) 

2. Peripheral lymph-mode-endothelium (MECA-79 Ab) 

3. Panendothelium (MECA-325) 

4. Capillary-level endothelium with organ specificity (e,g..lung, liver, and brain endothelial antbodies) 

20. Negatively charged polysaccharides or oligosaccharkles such as. for example: 

a. Dextran sulfate 

b. Dermatan sulfate 

c. Chondroitin sulfate, and 

d. Hyaluronic acid 



GROUP II. Substances which bind preferentially to activated and diseased endothelium 

1 . Ulex Europaeus I agglutinin 

2. Ulex Europaeus I agglutinin, reversibly blocked with: 



a. Fucose 

b. Fucosyl albumin 

c. Albumin-fucosyl amine 

d. Other neoglycoproteins 

e. Aminated carbohydrates 

3. Cytoadhesion molecules with affinity fbr activated endothelium: 



a. ICAM-1 

b. LFA-1 

c. Mac-1 

d. P50 

e. VLA molecules 



4. Interleukin I 

5. Antibodies against (and receptor molecules fbr): 

a. Endothelial leukocyte adhesion molecule, ELAM (H4/18 and H 18/7 Ab*6) 

b. Endothelial tissue factor, tf 
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c. Endothelial-associated. fibrin D-D dimer 

d. Class II histocompatibirrty antigens, la and HLA-Dr 

e. Fc receptors 

f. Mo3e surface antigens 

g. Factor VIII antigen 

h. Glycoprotein lib 

i. Glycoprotein Ilia 

j. Glycoprotein llb/llla complex 

k. Il-I receptor of endothelium 

I. "Extra domain' of f Sironectin, ED . 

GROUP III. Substances wliich bind to subendotheBal molecules and stmctures exposed by endothelial activation 
disease: 

1. Ricinus communis aggliiinin I (binds to tiasement membrane molecules) 

2. AntixxJies against (and recefAv molecules for): 



a. Fibronectin 

b. Fibronectin fragments (e.g.. monocyte chemotactic fragment) 

c. Laminin 

d. Intercellular adhesion molecules (e.g., ICAM-1) 

e. Type IV collagen 

f. Basement membrane molecules (anti-O^ antibody). 

An additional aspect of the present inwention, is the formulation of microcamers in which the endothelialbinding 
ligands are themselves coated by an outer protective layer of polymeric fucose derivatives. Such derivatives iiiclude. for 
example the neoglycoproteins, fucosyl albumin and albumin fucosyl amines. Such protective coatings could be used 
to achieve semiselective targeting of tissue lesions following systemic intravenous administration of such composite 
carriers. By appropriate selection of the isoelectric and thermodynamic properties of these surface polymers, selecbve 
unooating could be induced at sites of towered pH which typicaHy exist in microvessels which supply tumors and sites 

*^ '''SSv^rlSating Is possible because glycoproteins and other surface polymers each exhibit their lowest solubility 
at their isoelectric point (pKI) and become increasingly soluble (unstable as surface coatings) as the pH is lowered l>elow 
the pKI. Hence, the optimal isoelectric point for uncoating polymers in the body is at about Wood pH (7^5). According 
tooresent art. the rate of such unooating could be accelerated, for example, by incorporatingatriggeraWe form of gfo^ 

oj^ase in the mlaocarrler matrix which would generate gluconic add and further prolonate the surface polymer at 

'""^ItffimSortant consideration in employing these techncJIogies involves minimizing the rapid reticutoendothelial clear- 
ance of particles. Just recently, this has become feasible to accomplish by maintaining a small (ca. 50 nm) particle size 
and coating the particles with oonfcination hydrophilfe-hydrophobic block copolymers, such as the tetronic block copol- 
ymer 908™ the pluronic copolymer F68™ and others. A second method for inducing selective uncoating .n lesional 
microvessels. is the use of surface coatings which are degraded by lesional degradative enzymes. These enzymes 
include serine esterases (e.g.. tissue plasminogen activator and other enzymes of the coagulation cascade), andlyso- 
somal enzymes (e.g.. acid esterases and beta glucuronidase). A third method for selective uncoating involves the poten- 
tial sensitivity of protective surfaces to external physical energy, such as occurs with melting of surface lipids by regional 
hyperthermia and disruption of hardened surface coatings by high-frequency ultrasound. 

The endothelial envelopment-transport coatings documented betaw are adaptable fbr use with all synthetic and 
natural solid (Matrix) and deformable (lipid and hollow) transvascular microcarriers, including microspheres, liposomes, 
artificial membranes, miaovesicles. and hydrophilic and hydrophobic microemulsions, wherein the matnxandtor coating 
materials may be comprised of carbohydrates, oligo- or monosaccharides, proteins or peptides, lipids, alkyi or alkenyl 
chains, or bicompatible synthetic polymers. The drug or diagnostic agent carriers of the present invention may vary in 
complexity, including, for example: 

1) single chain polymers; . 

2) molecular microaggregates in which the molecular carrier/aggregate comprises both the endothelial binding moi- 
ety and the bacM)one fbr linking prodrug moieties: . • 

3) complex supramolecular carrier conprising multiple matrix material and/or serial coatings, with a major aitenon 
of novelty being that multiple (two or more) endothelial binding sites are engaged by the canier material or miao- 
carrier surface in order to activatethe endothelial cellular processes required for rapid envelopment (thereby seques- 
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tering the spheres from vasculardegradation and drug from down-sueamr^ 
and transport of the carrier. 

This invention is not considered to be constrained by prior art involving the formulation of microcarrier matrices from 
any of thepresentlyproposed materials providing that the said materials were notpreviously recognized and documented 
in vivo as undergoing multiple endothelial binding and inducing rapid endothelial envelopment, and produang acceler- 
^tedlxtravasation of maaomolecules. microaggregates and microparticles in either the first microvascular bed encoun- 
tered or potentially (as proposed) semiselectively at foci of disease following systemic intravenous administration. 

Endothellal-envelopment carriere may be formulated and stored in either the dry or fluid state, to which may be 
added for example, pharmaceutically acceptable appropriate stabilizers, osmotic agents.colorlngs. flavorings, and phys- 
iologic solutions which render them appropriate for intravascular and intracavitary injection. The present invention is 
envisioned as most particularly applying to the vascular targeting phase of any future device (see below) which is devel- 
oped for the efficient first-step transit across the external body barriers (e.g.. gastrointestinal tract; oral, nasal rectal, 
bladder or vaginal mucosa; sWn. cornea or sclera). 

The present application documents that drug carriers which comprise microencapsulation spheres with surface 
adhesion properties were selectively taten up into tissues by endothelial bioadhesion and by induced transendothelial 
migration, into the tissue interstitlum. The present application additionally documents that drugs controlled by such car- 
riers, are deposited in selected target tissues, such as lung, in exact proportion to the deposition of drug carriers. It is 
now further established that soluble drug-carrier complexes (as well as formally microencapsulated drugs) give compa- 
rable tissue uptake of drugs, under conditions in which the drug alone is not taken up. It is now further established that 
the same and similar carriers are taken up by the transepithelial route in the lungs, gastrointestinal tract and bladder. 
Finally, it Is established that the same and similar carriere undergo preferential lesional concentration in tumors and 
niduses of pulmonary infection. 

The unique aspect of drug carrier technologies established by the present application are that these novel carriers 
affbrd high-efficiency tissue uptake and localization of drugs (and diagnostic agents) when the drugs are controlled by 
nonembolizing (less than 3 ^m) carriers. Other unique features arethat these cam^^^ 

biocompatible and biodegradable materials, and b) afford widespread percolation throughout tissue Intersitium (and 
lesional gels) In a fashion which is not possible for hydrophobic carriers (e.g.. liposomes). Finally, the carriers of pnncipal 
embodiment interact with their initial sites of cellular uptake (endothelial and epithelial cells) based on carbohydrate- 
30 carbohydrate binding, as well as by protein-carbohydrate (and potentially peptide-carbohydrate and peptide-protein bind- 
ing) and they do so in such a fashion as to produce multivalent binding, which leads to an induced, active endothelial 
(or ^ithelial) envelopment and transendothelial (or transepithelial) transport of both the carriers and drugs controlled 
by the carriers. This involves transcytosis (process occurring across one endothelial or epithelial cell, exclusively for the 
smaller 1^ than 3 Jim agent-carrier complexes). . x ^ 

35 The minimal requirements for novelty are that multivalent binding to cells (or adjacent matrix substances) must 
occur. In order to induce: 

a) active extravasation (or epithelial transport) of the drug-carrier couple, wherein such transport is significantly 
accelerated relative to that obtained for uncoated (uncontrolled) particles or drug^rrler complexes; this acceleration 

40 being of such a degree that transceilular transport of nonembollzing as well as embolizing particles (complexes) is 
completed within twelve minutes of endothelial/epithelial contact (typically in less than 5 minutes), under In vivo 
conditions of microvascular blood flow and/or cavitary fluid f tow. air f tow. or enteric flow (in microvessels. bladder, 
lungs, bowel, or other body cavities, respectively) and further, 

b) that the can^iers must control the delivery of multiple (at least two) molecules of drug, in order to distinguish them 
45 from naturally transported simple hormones, proteins, peptides, and hybrkJ conjugates of two low-molecular^weight 

drugs. 

The present continuation-in-part expands on examples initially provided and shows tiiat certain of the drug-can'ier 
systems (specifically, heparin-amphotericin microspheres) undergo not only primary uptake into normal tissues by accel- 
erated transendothelial migration, but also secondary, subregional concentratfon within foci of disease involving the 
tissues (pulmonary infections; and pulmonary, hepatic, and subcutaneously implanted tumors). Such lesional concen- 
tration is based on: 

a) the initial binding of heparin and heparin fragments to constitutive endotiielial receptors (which comprise anti- 
55 thrombin III, thromljomodulln, heparin cofactor II, and others); 

b) coincident or subsequent binding of heparin (or heparin fragments) to sites (tissue components) exposed 
(induced) by disease, comprising one or more of ttie following: epi-endotiielial platelet factor 4 (and ottiers). suben- 
dothelial f ibronectin split products (e.g., 33,000 dallon proteolytic fragment), type IV collagen (and its subunits). type 
I collagen, laminin and others: and 
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c) finally, the active cellular uptake preferentially by transformed and maKgnant cells, of negatively-charged and 
neutral polycatbohydrates: specifically heparin, dextran and modified dextran microspheres which cotitained ampho- 
tericin B or heparin-cis-platin complexes. This cell biological uptake mechanism has been documented for hepato- 
cellular carcinoma cells, and it putatively occurs for other transformed and malignant cells. 

Although thepreferreden*odimentdescribesasurlacecoating of heparin, alternative carriers(and surtax 
and drug-complexing agents), such as heparin fragments, tridodecyl methylammonium chtoride heparin hereinafter 
referred to as TDMAC heparin, the dermatan sulfates and their fragments, and other glycosaminoglycans (QAQ s). also 
sen/e to bind to constitutive and induced heparin cofactor II. The 8-1 2 unit fragmem of dermatan sulfate b'rids heparin 
cofactor II without activating it Unlike native heparin, neither dermatan sulfate nor its 8-12 unit fragment inhibits the 
constitutive endothelial surface coagulant. antHhrombin III. This is also true of the shorter, semisynthetic fragmente of 
heparin. Hence, dermatan sulfate and the short fragments of both heparin and dermatan sulfate, are envisroned as 
having even less anticoagulant activity than does native heparin (whose minimal anticoagulant activities are stdl accept- 
ably low in this regaid. when the heparin is incorporated into drug microspheres and complexes. 

Additionally endothelial and para-endothelial receptors are envisioned as being useful for selective organ uptake 
and secondary tissue localization in regions (foci) of disease. These include: the endothelial adhesion determinants 
induced by interleukin 1 (and by other cytokines and lymphoWnes). platelet activating factor(s) (PAFs). the surface 
coagulation factors, lla. Va. Villa. IXa, Xa, XIa. von Willebrand factor (vWF), and endothelial tissue factor; and types IV 
and I collagen and the f bronectin fragments exposed by various disease processes (virtiich can promote the attachment 
of melastatk: tumor cells). Additionally, complementary substances are envisioned as useful in formulating surface coat- 
ings (complexes) for binding (and selective localization) at one or more of the preceding lesional srtes. These include: 
peptide-1 1 (an anti-attachment substance for tumor cells); monoclonal antibody AHB-2 (and its Fab fragment) and 
f ibronectin-binding polypeptide (the latter two of which bind the 33.000 dalton proteolytic fragment of f ibronectin): agerite 
which bind alternative fragments of f bronectin; f Ibronectin itself: f ibronectin derivatives; and other complementary sub- 
strates; dnjgs; binding substances and their derivatives). X W . 4-1 

Epithelial uptake of ttie drug carriers (particularly the heparin-amphoterkan B microspheres) are further tested in 
the present application and shown to be taken up via the irtratracheal. gastrointestinal and intracystic (bladder) routes. 
Such epithelial uptake is tested for microspheres which comprise minor modif ications of the drug camers descnbed in 
the present application. These formulations are as follows: microspheres wHh entrapped iron oxide. Fe304; and micro- 
spheres with heparin matrices, and heparin-coated dextran and albumin matiices. which contain entrapped ionic iron 
(Fe + 3) The novel exanples of epithelial uptake shown betow. provide the rationale for administering bioadhesion drug 
carriere by the intratracheal route (inhalation), gastrointestinal routes (oral and rectal), cystic route (bladder and pros- 
trate) oral route witti gasti-ointestinal uptake leading to systemic distribution (via the bloodstream) and to secondary 
targeting of ttie carriers to organs and lesions. These examples provide the further rationale tor administering such drug 
carriers by injecting them directly into other body cavities, such as the peritoneum, uterine tubes, pleura, ventricules of 
the brain and spinal cord, epidural and subdural spaces, tumore and abscess, subcutaneous tissue, muscules. medullary 
cavities of bone, and joint spaces. u^„,;„ 

Endottielial uptake is described for a new physical formulation, namely a macromolecular complex between heparin 
and ds-platin (an antitumor drug). Selective high-efficiency pulmonary uptake of ttiis drug and can-ier complex is docu- 
mented in the present appOcation following bolus intravascular injection of the complexed agent, as is ttie absence of 
liver uptake, which typically occurs for the drug alone. The absence of endothelial injury by heparin-cis-platin (at an 
othenwise highly toxic concentration of 1 0 mg/ml cis-platin) is alsodocumented. This novel result established the rationale 
for reformulating existing drugs using heparin and related kits (as devices), which can be performed by hospital phar- 
macists on-site, just prior to drug administration. This new approach can allow localized tissue (lestonal) uptake of drugs 
controlled by nonembofizing caniere. as follows: 

a) by intravenous administration to the lungs (high efficiency delivery) and systemic lesional sites (moderate effi- 
ciency delivery); or .„....-.. J ■• 

b) by selective arterial perfusion to liver, kidney, brain, pelvis, extremities and ottier body sites (high efficiency deliv- 
ery). 

The present application describes that secondary tissue percolation of these hydrophylic drug-canriers occurs in 
normal target tissues tor heparin-coated microspheres Cinterstitium, lymphatic and epittielial). In the present application, 
additional examples are presented, which establish the general principal that, unlike the situation for lipid microemulsions, 
liposomes and other hydrophobic carriers, the present hydrophylic spheres percolate extensively through the interstitium 
of a tumor and the lesional gel of a spontaneous pneumonitis, to reach both the outer spreading rims and the inner 
necrotic cores of ttiese lesions. This provides new rationale for improved lesional penetration, cellular (microbial) access 
and uptake of drug carriere, and their enbBpped (controlled) drugs. It is envisioned as altowing improved drug access 
to tumor cells and microorganisms lying in sequestered sites. 
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The present invention further specifies, that extensive percolation of interstitial tissue and lesional foci can be 
achieved by pre-emulsifying hydrophobic drugs, such as amphotericin B. with a poloxamer (preferably, the pluronics. 
FIOS™ or F68™ but alternatively, the pluronics. F127™ or LSI™, or the tetronic. 908™). which itseH. percolates poorly, 
followed by microencapsulation of these controlled-release subparticles (nanopartides or emulsions) in a larger, 
hydrophflic matrix carrier (e.g.. of heparin) which itself, percolates extensively. Such formulations are novel and can be 
envisioned as artificial white cells. The outer, macromatrix perfomis the functions of the whole white cell (namely, bio- 
adhesion to endothellum/epithelium. transport of the particles across their initial barriers and interstitial percola*ion): and 
the subpartides (internal nanopartides. emulsions, or complexes) perform thefunction of the internal white<ellg^ 
(namely, attadimerttothefinalirterstilial-matrix or cdlulartarget and the controlledrelease of drug). Thesedrug earners 

are novel because they represent multistage micropartides (complexes), with functionally-oriented surface coatngs 
whidi govern both their initial (body) biodistributions and subsequent (local tissue) distributions. Their specif icaton and 
testing establish a rationale for improving the biodislribution. locaHzed uptake, tissue percolation, and cellular (or micro- 
bial) 



ACCESS 



and uptatce of drugs (and diagnostics) which do not nomrally accomplish these multiple steps on their own. 

The original application of this series (Serial Na 033.432) and the present application further provide the novel 
rationale for secondarily controlling the release (or bioavailability) of drugs (diagnostics) from internally entrapped sul>- 
partides (nanoparticles. complexes or emulsion) of depot, time-release drugs (afl. amphoteridn B-pluronic F68™ and 
amphoteridn B-cydodextrin complexes, after these internally entrapped entities have been released (either rapidly or 
slowly) from the outer maaomatrices of heparin and heparin-coated dextran. This is envisioned as aHowing the additional 
flexibility of loddng the internal micropartides into target tissues (ceHs) even if the outer matrix carrier subsequently 
redistributes from its initial target site. x. ■ t- 

Final drug uptake into rapidly growing or dividing cells is envisioned as being potentially augmented by formulatng 
the internal (or extemal) drug partides with transferrin, ferritin, or anti-tumor antibodies (or antibody fragments) which 
themselves, may not percolate well into ttie most rapidly growing subregions of solW tumors (infecttons or abscesses). 
The inproved gel percdation afforded by the present microcarriers is envisioned as improving the penetration of tumor 
alycocalyx bony subcomponents of sarcomas, polyglucose hydrogels synthesized as attachment polymers by staphy- 
lococci and other organisms which cause osteomyelitis, periodontitis, and other bacterial infections; the proteinaceous 
microthrombi produced during invasive aspergillosis of the lungs and brain; the cartilaginous and ossified components 
of proliferative pannus which form in acute arthritis, and the gel substances which accompany other disease processes. 
Rnally. these technologies are also envisioned as addressing the in vitro applications of penetrating cell-surface (cutic- 
ular) carbohydrates present on human and animal eggs and sperm, and on bacteria and yeast. 

The present invention describes new entrapments of substances such as: 

a) amphoteridn B in lipid microemulsions coated with TDMAC heparin, whteh produces selective uptake in the lung 
following intravenous injection (and putatively in other organflesional sites, by the routes/methods spedf led above) ; 

£Uld 

b) the biomodulatory protein, interleukin 2. in albumin microspheres, which are amenable to coating with standard 
heparin. TDMAC heparin or heparin fragments, related glycosaminoglycans and their derivatives. 

This provides the new rationale for heparin-modification and localization of previously hydrophobic can-iers. such 
as microemulsions. liposomes, and microspheres of polylactic and polyglycdic acids. The present invention also envi- 
sions the selective localization of three new dasses of biophamiaceuticals: recombinant proteins, peptides and 
DNA/RNA vedore (for reconstituting genetic disease). Finally, it envisions that this new drug carrier tedinology will be 
useful for site-specific transplantation of whole cell injam Cell preparation for such targeting is envisioned as bemg 
performed using a bifunctional adhesive agent, one component of whidi (aa. heparin, fibronectin. laminin. Fab frag- 
ments of monodonal antibodies. glSL) binds noncycotoxically to the transplantable cells, and one component of whidi 
(potentially the same component) adheres muttivalentiy to the target endothelium (epithelium). High-efficiency trans- 
plantation is envisioned as being achieved by introducing these cells by thedirect vascular (or intracavitary) route leading 
to the target organ, tissue or cells. ...... ,■ ^\ 

The present invention envistons that the following diseases (and drugs) can potentially be treated (and localized) 
in an iir^woved fashion by using the described technology: cancer (antitumor agents, biotogical response modifiers, 
particularly IL-2 and TNF. radfation sensitizers, pertluorinated hydrocarbons, and hyperthermia augmenting agents); 
prophylaxis against tumor and bacterial metastasis (depot heparin itseH. ttie new antimetostetic peptide, peptide-11. 
etc.); diffuse Infedfons and abscesses (antit^rtto. antifungal and antiviral agents):.deep pulmonary infections and central 
nervous system infedions in immunocompromized and tumor patients (aminoglycoside and cephatosporin antibiotics, 
arrphoteridn B and ottier antifungals, and antivirals); chronic infection/inflammation of ttie urinary bladder or other sites 
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(depot formulations of heparin, dermatan suHate. or pentosanpolysulfates. gangliosides. haptens and pepbde Mockers 
arStfieirderivatives); multiple sclerosis; diabetic angiopathy, acute and chronic arthritis (copper delating agents, such 
as penicillamine; steroids and steroid analogues), infarcts of the heart, brain, bowel and limbs (anti-adhesive agente 
which block neutrophil and platelet attachment, and free radical scavengers); disseminated intiav^ter coagijaton 
(inhibitors of platelet activating factor, platelet adhesion and fibrin polymerization): atheroscelerosis (depot heparin, and 
heparin plus antilipidemic agents, such as probucoO: acute coronary or cerebral thrombosis (tissue plasminogen act- 
vator -- administered intravenously or by selective arterial perfusion): genetic and degenerative diseases, particu arly o^ 
the liver, pancreas and brain (appropriate degradative enzymes, pancreafic islet ceUs. pHuitary and brain cells, and 
transfecting gene vectore): endometriosis (danazol. anti-inflammatory agents, and anti-vascJar proliferaftve agents), 
infertility (sperm adhesives fa iQviSffl and in vitro fertilization: prevention of allograft rejection, particularly for kidney, 
liver bone marrow and lungs (steroids, immunosuppressives, cyctosporin A and others, antilymphocyte antbodies); 
acute and chronic asthma(depot antiasthmatic agents administered by inhalalion):pulmonary emphysema, pr^^ 

and treatment, and prevention of intercurrent lung damage from smoking (peptide and other blockers of neutrophil 
eiastase antiinflammatory agents, inhibitors of platelet activating factor, free radical scavengers, and their derivatives - 
-administered by inhalation, orally, intravenously, or as addHives to cigarettes, cigars or pipe tobacco). 

The bioadhesion carriers set forth in the present application are envisioned as being preferred for the delivery of 
drugs which are highly toxic (certain antitumor drugs, antifungal agents, aniibiolics, and many antivirals): drugs which, 
are highly labile (peptides, hormones, recombinant protein biomodulators. and their analogues): agents which experi- 
ence inappropriate biodistribution or poor tissue access due to their large molecular size or the presence of disse^^^ 

competing receptors in the body (lymphoWnes. cytokines, interferons and other biologic response modifiers, and gene 
vectors)- anti-adhesion phamiaceuticals (as depot formulations, for the prevention of cancer-cell metastasis. Pf0Phyla»s 
of atherosclerosis, and inhibition of white-cell and platelet adhesion to vascular endothelium); and most of the new. 
reoonfcinant biopharmaceuticals. whose production costs may be extremely high, precluding administration in a freehr 
circulating f«m (all of the new recombinant proteins, peptides and gene vectors, except in general, those which act 

^'^ffiSy, thSr?ew fomiulations and processes of facilitating cellular bioadhesion-uptake are applicable to cel- 
lular microinjections invilra including those of sperm, eggs, bacteria, yeast and others. Envisioned agents include high- 
elfidency injectfons of drugs.peptides, proteins, metals, diagnosticprobes. transfecting genevectors.mutetonalp^^ 
whole sperm, sperm selected for sex preference by albumin gradient centrifugation. and other agents which need to be 
injected (ideally) under nonfusigenic conditions {3^ conditions which avoid fusigenic viruses or chemicals, suchas 
polyethylene glycol). This technology is envisioned as having implications for the fields of ioJdlffi fertilization in both 
humans and animals, and for recombinant-gene transfections. 
The following examples illustrate the invention described above. 



EXAMPLE 1 

Pranamtion of Acfttnnfl-Stabilized anH Hftat-Stabili ? *^ hanarin Microsnheres and MQltyailflf MiCTPaflgrW i atW 

Beef lung heparin 100-200mg (152 units/mg. Upjohn Co.) was dissolved in 0.3-0.4 ml of distilled water and the 
solution emulsHied In 6 ml of cottonseed oil (Sargent Welch. SC-1 161 2™) by vigorous vortex mixing for 1 to 5 minurt^. 
THIS initial emulsion was added dropwise into 19 ml of stirred cottonseed oU which had been preheated to 1 14-122 C. 
This suspension was maintained at high temperature for 10 minutes and then allowed to cool to room temperature with 
continued stirring. (Alternatively, the heparin suspension was added dropwise into an identical volume of stirred cotton- 
seed oil at 22''C The oil suspensions were added dropwise into 30 ml (5 Umes the oil volume) of a mixture of 0.1% 
Tween 80« • (Sigma Chemical Ca) in acetone in order to extract the oil phase (and to produce stable crystallization of 
the heparin in the unheated preparation). The microsphere-acetone suspensions were eentrifuged at 1 .250 x g for 5 
minutes to sediment the spheres. The microspheres were extracted an additfonal 3 times with 0.1% Tween 80™ in 
acetone (25 ml total volume or 4 times the oil volume). The resulting microspheres were either lyophilized to dryness or 
mixed thoroughly with 2% (w/v) Tween 80™ in 0.5 ml of acetone and allowed to air dry for 24 hours at 22«C. Both 
procedures gave heparin microspheres which were stable upon suspenston in water or isotonic saline and had an aver- 
age particle diameter of between 7 and 50 micrometers (jun) as measured by light microscopy. The sizes depended on 
the duration of vortex mixing in the oil emulsification steps above. 

Heparin microaggregates averaging 0.1 to 0.2 nm in size were produced as described in the preceding steps, but 
wHh the addition of by sonicating the initial 6 ml of oil emulsion for 5 minutes at 20.000Hz with a standard ultrasonifier 
and special mforotip (Heat Systems. Inc.). 
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Prapamtlan of Heparin Mlefosnh ftroe CQntalnlnfl Entrapped AmPhOtflflCin B 

a. Entrapment of amphoteridn-cyckxleortrin complex. 

Amphotericin B. 20 mg without deoxychdate (E.R. Squibb and Sons, Inc.) and gamma cydodexirin, 31 mg (Poly- 
scienc^ Inc ) were dissolved at a 1 -.1 molar ratio in 0.4 ml d dimethyl sulfoxide (Sigma Chemical Ca). Beef lung heparin. 
49 mg (as in Exanple 1) was dissolved in 0.8 ml of distilled water. The two solutions were mixed and then rapidly 
emulsified in 6 ml of cottonseed dl by vigorous and continuous vortex mixing. Aliquots were removed quickly (due to 
partial but controllable phase separation of the drug-cydodexlrin complex) and added dropwise to 0.1% Tween 80™in 
acetone according to the exad procedures described for the nonheated microsphere preparation of Example 1. The 
percentage of starting drug entrapped was 70% and the final drug content In spheres was 14% (w/W). Resuspension 
in water and isotonic saline resulted in two size populations of partides. the major fradion (ca. 85% by mass) comprised 
larger microspheres. 7to25(unindiameter.and the smaller fradion(ca.15%byma8s)compri8ed smaller microspheres, 

0 3 to 1 0 um in diameter. These two fractions were rapidly separable by micropore filtration. The larger spheres were 
obsewed microscopically to be pad«d with ydlow-cdored retractile granules which were similar in size to the smaller 
partides just desaibed. Water suspensions of the lypohilized spheres (combined size frartions) were amenable to com- 
plete sedimentation by centrifugation. By colorometric assessment of the fradion of amphotericin B (yellow color) whidi 
sedimented with partides at incremental times after aqueous resuspension. the 1 1/2 of controlled release for ampho- 
teridn B was approximatdy 3 days. 

b. Entrapment of anphoteridn B pre-emulsif led with pluronic F68™ block copdymer. 

Native anphoteridn B. 100 mg without deoxychdate (E.R. Squibb and Sons. Inc.) and 1 2 mg of the pluronic F68™ 
bio* copolymer (pdyoxypropylene-polyoxyethylene. Green Cross Corp.) were suspended in 1 ml of distilled water and 
uBrasonified for 1 minute (as in Example 1) to produce an Initial emulsion wHh a partide size ranging from 0.1 to 5 |im 
in diameter This suspension was stirred overnight at 22»C in the dark, and then ultrasonif led for an additional 1 minute. 
The resulting emdsion was significantly smaller.withapartidesize ranging fromO.ltoO.S^m in diameter. This emute^^^ 

was centrifuged at 600 x g for 2 minutes in cider to sediment the larger (potentially uncoated) drug partides. The super- 
natant (fine emulsion, ca. 30-50% of the mass) was removed and used for subsequent entrapment in heparin micro- 
spheres. This was done by adding 70 mg of beef lung heparin (Upjohn Co.. as in Example 1) to the 0.9 ml of recoverable 
supernatant (fine emulsion) stirring for 5 minutes to obtain complete solvation of the heparin, adding the resulting mixture 
to dl (preferably at room temperature, alternatively at 1 14-125°C for 10 minutes, for extra stabilization), emulsifying it 
by vortexing. quiddy stabilizing the emulsion by stirring into 0.1% Tween 80™ in acetone at 22°C. and processing as 
desCTibed in Example 1 . The resulting microspheres had an average diameter of 3-15 »im depending on the duration of 
vortex mixing. As assessed cotorimeti-icaliy. the percentage of drug entrapped was greater than 70% and the final dmg 

content was 20-30% (w/w). ■ ^ r». ■ , ^ — 

Paralld microspheres were made as described above, except witti dextran T70™ (Pharmacia Fine Chemicals) as 
the major matrix component and heparin as the surface coating (1 0% by weight). For these spheres, the surface coating 
was added as described in Exanple 3 below (starting at the text posftion marked "SURFACE COATING." 

EXAMPI£3 

PrenaraBon of Daictran T70 M ifimsphBres with a Haaarin Surface Coating of 10% bv W^iflht 

Amphoteridn B. 20 mg wittiout deoxydrolate (E.R. Squibb and Sons. Inc.) and gamma cydodextrin. 30 mg were 
dissolved in 0.4 ml of dimethyl sulfoxide (Sigma Chemical Co.). Dextran T70™ (Pharmada Fine Chemicals). « mg »«s 
dissolved separately in 0. 1 75 ml of dimethyl sulfoxide. The two aqueous suspensions were mixed and quid<ly emulsified 
in 7 ml of cottonseed dl (Sargent Welch. SC11612"*). This oil suspension was added rapidly but dropwise to 0.1% 
Tween 80™ in acetone (T-Ac). 35 ml. Miaospheres were sedimented at 1250 x g for 5 minutes. The pellet was extraded 
one additional time with 10 ml of 0.1% T-Ac. resuspended in 0.5 cc of 2% T-Ac and allowed to dry fbr 45-60 minutes at 
22'C (until the acetone odor was no longer detediWe). A SURFACE COATING was prepared as follows: Beef lung 
heparin (Upjohn Co.. as above). 10 mg predissdved in 0.5 cc of distilled water, was added to the dned spheres. To this 
was added 6 ml of cottonseed dl (1 2 times the vdume of water), and the suspension was emulsified by moderate vortex 
mixing in order to apply the heparin coating to the surfaces of the previoudy crystallized dextran spheres. This emulsion 
was once again stabilized by dropwise addition to30 ml of stirred 0.1% T-Ac. and the microspheres sedimented at 1250 
X g for 5 minutes. Three additional extradions were performed with 10. 9. and 6 ml. respedively. of T-Ac. The pdlet was 
resuspended in 0.5 ml of 2% T-Ac and altowed to air dry for 16 hours at 22°C. The percentage of drug entrapped was 
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65% and the final drug content was 12% by weight Microsphere sizes ranged from 0.5 >mi to 30 fim. depending on the 
duration of vortex mixing. 

EXAIVIPLE 4 

In Vitro Modif icaf iQn of uiex Eurooaeus I Lectin Bound tQ fm^^m Spheres 

Ulex Europaeus I Lectin with affinity to endothelial factor VIII antigen, was obtained commercially (Vector Labora- 
tories. Burlingame. CA) as a gel suspension in which the Ulex lectin was bound by a stable ether linkage, to agarose 
spheres (25-75 jim in diameter) of the lightly cross-linked polysaccharide comprising galactose plus 3.6-anhydrogalac- 
tose monomers). As obtained, the binding capacity was 2.5 mg of fucosyl glycoprotein per oc of gel and the suspension 
contained 10 mM fucose, the sugar hapten of highest specificity to saturate all Ulex binding sites. 

a. Preparation for injection of spheres with hapten-blocked (fucose-bound) binding sites. 

To 0.25 ml of the unwashed gel was added 0,75 ail of 0.2M phosphate-buffered 0.15M(N) saline (Grand Island 
Biological Co.), in order to obtain a gel suspension which was sufficiently dilute for direct intravenous Injection (below). 

b. Preparation for injection of spheres with unblocked (available) binding sites. 

The gel, 0.25 ml was washed 3 times by centrifugation at 2500 x g with 0.8 ml each of 0.02 M phosphate-buffered 
0.15M(N) saline, in order to remove almost all of the fucose sugar hapten which was initially bound to the Ulex binding 
lectin. The resulting pellet off spheres was suspended in a total volume of 0.8 ml for subsequent intravenous injection 
(below). 

EXAMPLE 5 

|n Vivo Injection of Heparin Microfipheres and MicroaQoreQates Prepared as In ExaPTOle 1 

For all in vivo tests (this Example and Example 6 below), microspheres were suspended in phosphate-buffered 
saline (per Example 4) at a density such that their packed (centrif uged) volumes were 20 percent of their f inal volumes 
in suspension (spheres plus solution). Equivalent doses were given to each animal by Injecting 0.125 ml of the fully 
suspended material. Lung targeting was accomplished by intravenous injection into CBA mice, and brain targeting was 
performed by carotkJ arterial injection into Sprague-Dawley rats. Analysis of organ targeting, envelopment and extravas- 
cular migration of spheres were carried out by 1) sacrificing representative test animals at 2. 5. 10. 1 5 and 20 minutes 
postinjection: fixing the brain tissue in 10% buffered formalin or inflating their lungs to a fixed size by injecting 10% 
Carson's buffered (pH 7.4) fornfialin intratrachealiy at a pressure equivalent to a 20-cm column of water; 2) processing 
the fixed tissue sections for light and electron microscopy; 3) staining these sections with hematoxylin and eosin (H & 
E), periodic add Schiff (PAS), and reticulin histochemical stains; cutting (with a microtome) the light microscopic sections 
(below) at a 4-jim thickness; and 5) analyzing morphometrically, the processed sections for the number and microscopic 
position of spheres in relation to vessels, perivascular structures, interstrtium and airspaces of lung, and the microvessels 
pericyte (astrocyte) processes (which abut the microvessels of brain), and brain tissue proper. 

The legend for all Figures of tissue sections shown herein are: M = microsphere; V = microvessel; A = airspace; e 
s endothelial membrane; and n s endothelial nucleus. 

a. Injection of heparin microspheres (0.125 ml) intravenously and localization in CBA mouse lung. 

Figure 1 is a lung tissue section stained with PAS. which is representative of the test mice sacrif iced 2-5 minutes 
after intravenous injection of the unheated. acetone-stabilized heparin miaospheres of Example 1. At the center is a 
typical heparin microsphere (M) approximately 20 jim in diameter, which has become lodged within the microvascular 
lumen of a lung capillary and is already completely enveloped by endothelial cell membrane (e). whose two nuclei (n) 
are present immediately adjacent and overlying the sphere. At the upper right-hand corner is an endothelial-coated 
microsphere (M) which has migrated partially out of its lung capillary (V) and is beginning to lose its endothelial coating 
(e, at 4-6 o'clock on the sphere) at position 8-9 o'clock on the sphere. 

Rgure 2 is a lung tissue section stained with PAS. which is representative of the test mice sacrificed 10 minutes 
after intravenous injection of the same heparin microspheres as In Figure 1. At center is microsphere (M) the same 
heparin microspheres as in Figure 1 . At center is miaosphere (M) which has migrated almost completely out of its lung 
capillary (V) into tiie adjacent airspace (A). Endothelial membrane (e) and nuclei (n) are still present on the microsphere 
surface. There is minimal to no toxicity to the microvessel as evidenced by an absence of co-extravasted red blood cells 
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or serum proteins (which would slain interwely with PAS). A second endothelial-coated and partialiy extravascular micro- 
sphere is present at lower right. 

Smaller (nonembolizing) microspheres and microaggregates of all the heparin and hepann-coated lormul^ons of 
Examplelare observed toundergosimilar envelopment and extravascular migration at approximatelythe same ^ 

Table 1 summarizes the percentages and positions of intiapulmonary microspheres of 4 to 15-|un diameters 15-20 
minutes after intravenous irijectlon: 



Table 1 


Type of sphere 


Approximate percentage of 
injected dose identified in lung 


Percentage of spheres in extravascular locations 


1. Heparin (acetone) 


35 


85 


2. Heparin (heated) 


40 


80 


3. Plain agarose* 


10 


20 



•Many of the remanent intravascular spheres were undergotag degradation due to serum amylase digestion, and 
only small fragments ol these spheres could be idenined. 



These histologic and morphometric results document that the heparin microsphere surfaces induce rapid (less than 
2 minutes) partial and/or complete endothelial coating which resulted in endothelial envelopment (walling-ofO of the 
spheres thereby functionally removing them from the vascular compartment (even during before they emigrate out of 
the vascular space). This slows intravascular degradation of the spheres and accelerates extravascular migration of the 
intact spheres (largely complete within 15to 20 mirwtes). and greatly inaeases the proportion of sph«^ 

localized in the tissue (interstitiaO compartment and airways 

Laiger heparin microspheres (25-75 \un diameters) experience pulmonary captures and extravascular migratons 
similar to those of the Ulex I spheres shown in Table 2 of Ewmple 6. below. 

b. Injection of heparin microspheres into the carotid artery and localization in Sprague-Dawley rat brain. 

Heparin microspheres from Example 1 (0.250 ml. 5-15 jim in diameter) were injected into the carotid artery and the 
rats sacrificed at 15 minutes. One to seven, small (0.2-3.0) PAS-positive particles were observed in and surrounding the 
miciovessels of the cerebral and cerebellar cortex and the deep nuclei of the brain. Approximately 50% of the vessels 
were positive for emigrating particles. At 15 minutes postinjection, these particles were present largely along the proc- 
esses of pericytes lying adjacent to the brain arterioles and capillaries. (Pericytes are thought to be involved in the 
transport of nutrientsfrom the vessels into biain parenchma.) Smaller numbers of PAS^ositive particles were identified 
at greater distances away from pericytes within the extracellular compartment of brain tissue proper. IWIorphometrically. 
at least 15 percent of the injected miaospheres were localized in brain tissue at 15 minutes. 

EXAMPLES 

In iniacHon iii« Eurooaflus I Lectin iy<icfQsnhere8 Prepared in Example 1 

Ulex Europaeus I lectin microepheres (0.125 ml) were injected intravenously for localization in CBA mouse lung. 

Figure 3 is a lung tissue section stained with PAS. which is representative of the test mice sacrificed 2-5 minutes 
after intravenous injection of the fuoo6e4jlocked. Ulex Europaeus agglutinin 1-coated spheres of Example 4. A larger 
microsphere (M) is present (at left center) in the vascular space (V) . which has undergone almost complete envelopment 
by endothelial membranes (e) and nuclei (n). A smaller microsphere (M) is present (at right center) which has undergone 
both endothelial envelopment and almost complete extravascular migration into the airspace (A). However, it remains 
attached to the basement membrane of the small vessel from which it emigrated. Remnants of endothelial membrane 
(e) still coat it at the surface of attachment but have been lost from the free surface. Histologic comparisons of hepann 
and Ulex I microspheres have revealed that a higher proportion of emigrated Ulex I spheres remain attached to fte 
abluminal basement membrane, whereas a higher proportion of the heparin spheres (Example 5 above) have 'urther 
migrated into distant structures, including lymphatics and ainvays. For all spheres, there was an absence of red blood 
cell attachment on the downstream surface, indicating that any tendency towards binding or agglutination of red cell 
surface blood-group substances had been successfully blodad t>y the sugar hapten Alsa there was histologic evidence 
for the induction of acute coagulopathies or endothelial toxicity. 
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Fiaure 4 is a lung tissue section stained with a reticulin stain, which is representative of the test mice saaif iced at 
10 minutes after intravenous injection of the identical fucosfrfclocked. Ulex Europaeus agglutinini-coated spheres of 
Example 3 At center, is a microsphere (M) which has undergone complete emigration from the vascular space (V) into 
the airspace{A). with continued attachment to the aljluminal basement membrane. This sphere shows rem^ 
by endothelial membranes (e.e) but uncoating on the opposite surface (u). Small fragments of reticulin (a connective 
tissue component of the vessel wall) have been carried through into the airspace with the microsphere (dark stringy 
material just below "A") but no red blood cells have been released from the vessels into the airspace. (Emigration of 
reticulin is not observed with emigration of the smallest. 10-nm spheres present in this Ulex I suspension.) The micro- 
sohere of Figure 4 is beginning to undergo degradation in the airspace at 10 minutes. At 20 minutes, the extent of 
degradation is only slightly greater that at 10 minutes for most of the extravastated sphere matrices (not shown) Exam- 
ples 3 and 4 indicate that fucose-Wocted Ulex I spheres undergo efficient uncoating upon contact with endothelial sur- 
faces which have binding sites for the Ulex I lectin, and that this event induces endothelial envelopment and rapid 
extravascular migration of the spheres. Similar responses are seen for unblocked microspheres (with exposed Ulex I 
binding sites.) For smaller (nonembolizing) Ulex I spheres of 3-5 jim diameters, such uncoating would be expected to 
occur preferentially in the microvessels supplying focal lesional tissues (involved by inflammation, infection and tumor). 

Rgure 5 is a lung tissue section stained with PAS. which is representative of the test mice sacrificed 20 minutes 
after intravenous injection of the identical fucose-Wocked spheres of Examples 3 and 4. This exemplifies the we intra- 
vascular microsphere (M) which can still be identified at 20 minutes. Although it has undergone nearly complete endothe- 
lial envelopment and partial extravascular migration, its migration is not yet complete. This rare example shows that the 
portion of the sphere which is most completely coated by endothelial membranes (e) is the most protected from intra- 
vascular amylase digestion and remains morphologically intact. Conversely, the portion of the sphere which is uncoated 
(the portion which invaginates most deeply into the vascular compartment "V") is has undergone morphologic fragnien- 
talion (f) and wrill shortly become completely digested within the vessel unless iff irst completes the process of emigration. 
This indicates that endothelial envelopment indeed renders the emigrating particles extravascular and hence protecte 
them from digestion during the process of emigration. BY the same process of walling off the particle, it can be inferred 
that most of the drug which is released in this newly formed endothelial pocket during microsphere emigration wouU 
also be walled off and released into the tissue compartment as the particle emerges on the tissue side. Note that btood 
flow has already been reestablished in this vessel at positions 5-7 o'clock around this sphere. 

Figure 6 is a representative example of control microsphere (M^) of plain agarose which is present within a lung 
microvessel (V) 10 minutes alter intravenous injection. In contrast to the Ulex I (and heparin) spheres, this sphere shows 
no evidence of endothelial coating on either the upstream or downstream free surfaces (u. uncoated). It also shows no 
evidence of beginning extravascular migration. A reticulin stain (not shown) indicates intact reticulin around all aspecte 
of the vessel wall with which the sphere is in contact Such control spheres (without Ulex I or hepann surfaces) migrate 
in a delayed (20 minutes or tonger) inefficient manner (see Table 2 below), and undergo intravascular degradation with 
downstream release of microsphere fragmente and drug. 

Table 2 summarizes the percentage and position of inlrapulmonary microspheres of 25 to 75-nm diameters at 10- 
20 minutes after intravenous injection: 



Table 2 


Type of sphere 


Approxiniate percentage of 
Injected dose identified in lung 


Percentage of spfieres in extravascular locations 


1. Ulex 1. fucose-Wocked* 


90 


80 


2. Ulex 1, unblocked* 


90 


90 


3. Plain agarose ** 


10 


20 



•The higher lung-capture percentage ot Ulex I versus the heparin spheres of Example 5. Table 1 . Is due to the larger 
diamelersolthese partk:les. Note, howewr, that plain agarose particles of the larger diamet 
transported into the tissues, and hence, their capture percentage at 10-20 minutes is also tow due to intravascular 
degradation and release from the lung. Smaller spheres with Ulex I surfaces would be expected to undergo capture 
percentages equivalent to heparin spheres of the same size. 

"Many of the remanent intravascular spheres were undergoing degradation due to serum amylase digestion, and only 
small fragments of these spheres could be identified. 
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EXAMPLE? 

Pronhetic Forrr iiif^ti""« ^ Preferred and Alternative Embodimente. 

The following embodiments continue and augment those presented heretofore and include 

1 . Microparticles expanded to include nanoparticles and molecular complexes of diameters and Stokes radii down, 
to 0.02 nanometers. 

2. Additional matrix materials envisioned as follows: 

a) preferably, Type IV collagen or albumins, coated with multivalent heparins or TDMAC heparin, respectively: 

b) alternatively, lisinopril-albumin conjugates, polylactic adds, polyglyoolic acids, mixtures of polylactic and pd- 
yglycolic acids in crystalline and/or amorphous forms, starch, hydroxyethyl starch, and other starch derivatives, 
oil-in-water emulsions, liposomes, laminin (and its fragments), type I collagen (and its subunits). f ibronectin (and 
its fragments), antithrombin III (and its binding subunits); 

c) For paired-ton complexation and stabilization of negatively charged matrix materials: 

(1 ) preferably, protamine or polyethyleneimine (PEI); 

(2) alternatively. poly-L-lysine, or other positively charged amino adds or intermediate metabolites, bacterial 
or recombinant products, or their derivatives, for which, in order to minimize inyivQ -{particularly endothelial) 
toxicity, the positively charged moieties are located predominantly internally and the negatively charged 
moieties are located predominantly on the external surfaces; 

d) For semiselective tumor-cell uptake, inclusion of negatively charged or neutral polycartx)hydrates; 

(1) preferably, the sulfated polyglucose. heparin, or neutral polyglucose. dextran, as specified initially In the 
parent document (Serial Na 033.432); 

(2) alternatively, dermatan sulfate, pentosanpolysulfate or starch, and their derivatives. 

3. Additional surface coatings and drug complexing substances are specified as follows: 

a) preferably, low-molecular-weight fragments of dermaten sulfates; 

b) alternatively, lisinopril; lisinopril conjugates of dextran, starch, starch derivatives or albumin; negatively 
charged glycolipids or gangliosides and their derivatives. TDMAC heparin (or other hydrophobically modified 
heparins or glycosaminoglycans. GAG's) In which the hydrophobic substituent is attached to the heparin (or 
GAG) by either covalent conjugation or paired-ion complexation (particularly for use in coating matrices which 
are hydrophobic or have hydrophobic subregions. such as denatured albumins, polylactic and pdyglycolic aads, 
oil-in-water emulsions, and liposomes); 

c) For targeting cellular and/or matrix heparin sulfates or heparin glycosaminoglycans inviva; 

(1) preferably, type IV colfagen; , . ^ ^ , 

(2) alternatively, antithrombin 111. recombinant heparin cofactor II, 33.000 dalton proteolytic fragment of 
fibronectin. and laminin; 

d) For targeting tissue matrix components exposed by disease processes in v»vq : 

(1) preferably, type IV collagen; . 

(2) alternatively, laminin, antithrombin III, recombinant heparin cofactor II, fibronectin-binding polypeptide. 
Fab fragments of AHB-2 monodonal antibody (directed against the 33.000 dalton proteolytic fragment of 
fibronectin) fibronectin. 33.000 dalton proleoyltic fragment of fibronectin; 

e) For targeting renal glomeruli and the kidneys: 

(1) preferably, the FDA-approved intravenous Injectable, protamine; 

(2) alternatively, polyethyleneimine, poly-L-lysine or other positively charged amino adds or intermediary 
metabolites, bacterial or yeast-derived recombinant products. NH2-containing monomers, oligomers or pol- 
ymers, or derivatives of the preceding compounds. 

f) For augmentation of gastrointestinal uptake: 
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(1) preferably, sodium lauryl sulfate or dioctyl sodium sulfosuccinate; 

(2) alternatively, the alkyi aryl sulfate. G-3300, sodium taurocholate. or other biocompatible, conjugated, 
complewd. physically mixed or emulsified, sulfated and sulfonated detergents. 

g) For augmented binding to sites of intravascular coagulation/f ibrindysis: 

(1) preferably fibrinogen: ^. 

(2) alternatively, Fab fragments of anti-f ibrinogen antibodies, and reagents which bind to the activated sur- 
face coagulation factors. Ila. Va. Villa. IXa, XIa, endothelial surface phospholipids. vWF. etc. 



Any or all of the preceding surface coatings are envisioned as being applied to their underlying matrices 
either as a thick or thin (monomolecular) film, and in a single-fluid phase, f luid-entulsion. or by micropartlculate 
suspension methods, which include air suspension, ultrasonic suspension in vacuum, and which are accom- 
plished by one or more of the following physical or chemical means; 

a. hotiDlasma coating: 

b. coldi3lasma coating; 

c. vacuum sputtering; 

d. fluid-phase transfer (direct deposition or reverse emulslfication): 

e. particle-surface activation by tresyl chloride, cyanogen bromide or alternative chemical reagents, followed 
by covalent bonding of receptor-binding peptides or proteins; 

f. particle-surface activation by perlodate oxidation of vicinal hydroxyl groups, followed by covalent bonding, 
by ado condensation, of carbohydrates, dextrins, glycoproteins, or glycolipids; or. by amino condensation, 
of proteins and peptides, with subsequent reduction with borohydrides; 

g. bonding of internal and external particles (or emulsions, partide-emulsion hybrids, or glycosaminoglycan- 
detergent cx>mplexes or covalent conjugates) by any off the previous methods; 

h. for the cases in which either the particulate matrices or pharmaceutical-complexing materials (fi^ type 
IV collagen, laminin. antithrombin III, and f bronectin-for heparin; and/or other glycosaminoglycans. pep- 
tides, proteins, etc.), have native binding sites for the surface coating materials, direct addition of tiie pre- 
formed particles (or complexes) to the complementary surface material, such that the surface coating 
(complexing substance) binds the matrix by noncovalent association, and leaves additional fidentical or 
alternative) free binding groups (preferably of heparin or type IV collagen; alternatively of laminin. dermatan 
sulfate, or other glycosaminoglycans) available on the external surfaces for endottielfal or epithelial adhe- 
sion); also, in cases where such matrix-binding materials are not natively multivalent, a procedure for polym- 
erizing or complexing the haptenic subunits together, such that ttiey are reformulated to become multivalent, 
and such that these synthetic muftimers can bind both intemally, to the underlying matrix, and externally, 
to their biological targets: endotiielium, epithelium and/or extracellular matrix components. 

4. The present invention envisions fbrrrwlations which employ additional detergents as excipients for preparing the 
intemal drug nanoparticles. nanoemulsions. or otiier internally entrapped, oontrolled-release subcapsules, com- 
plexes or agents (as was described initially in the parent document (Serial No. 033,432) Ibr formulation and entrap- 
ment of the intemal drug emulsion, amphotericin B-pluronIc F68™. Such detergents Include: 

a) preferably, sodium deoxycholate; 

b) alternatively, cholesterol, Tween 80™, zwitterionic detergents, or other biocompatible nonionic. polysulfated 
or positively charged detergents, as needed to formulate stable drug emulsions. 

5. The present invention envisions the use of additional methods for matrix stabilizing and controlling the release 
of drugs. These include: 

a) preferably, for proteins and heat-labile peptides, chemical cross-linking with fresh fbrmakJehyde or parafor- 
maldehyde; 

b) alternatively; addition of thickening agents, such as polylactic and polyglycolic acids, polyaminoaads. poly- 
L-lysine, polyethyleneimine, glycerol, polyglycerols or pdyalchols (with or without heating or chemical reaction), 
polyethylene oxides, biodegradable poloxamers or poloxamines (pluronics or tetronics). pdy-COOH com- 
pounds (polycarbols). or polyamines. 
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6. Additional methods of frtcropartide tbrmulation are envisioned as including (particulariy for the purposes of prod- 
uct scale-up): 

a) preferably, extrusion of matrix (and/or surface) components through single (and/or coaxial). sonHied or air- 
stream-fiactured micro-orifices (single or multiport); 

b) alternatively, aemsolization using hybrid, homogenization-spray drying apparatus. 

7. The present invention envisions additional methods of extracting the solvents used for phase emulsif ication and 
simultaneously aystallizing the matrices, surfaces and/or entrapment materials): 

a) preferably, hexanes; 

b) alternatively, ethanol or methanol. 

8. Additional methods of sterilization (and/or particle sizing) of the final (or siAif inal) preparations, include: 

a) preferably, for heat-slabile agents: autoclaving at 120«C for 10-20 minutes; 

b) preferably, for heat-labile agents: 

(1) submicron filtration of complexes and nanopartides; and 

(2) irradiation of particles larger than 0.22 lim; 

c) alternatively, ultrasonification. 
EXAMPLES 

Fhnnulation of oontmllfld.relaase. hpparin^nmhotericin B-oluronic-F109"' drufl PflrtiClW 

Tm formulations of heat-stabilized, heparin-amphotericin B microspheres were prepared as described in Example 
2 b with the following modifications: for pre-emulsification of amphotericin B (E.R. Squibb and Sons. Inc., Pnnceton. 
NJ) the pluronic detergent. F108™ (BASF Corp.. Parsippany, fMJ) was substituted for pluronic F68™: heat stabilization 
of the drug matrix was carried out at 115«C for 10 minutes with continuous shearing using a high-speed sonicating 
probe-homogenizer(BrintaTiann Instruments. Westbury.^JY); and two fractions of spheres with dif^^^ 
harvested by centrifugation of the larger ones at 250 x g for 15 seconds, in acetone + 0.1% (w/v) Tween 80™. fbUowed 
by convlete sedimentation of the smaller ones which initially remained suspended. This produced two size fractions of 
anphoteridn-B entrapment spheres, each of which comprised 50% of the total product weight. 

a) The smaller fraction comprised nanospheres. which ranged from 150-700 nanometers (nm) in diarrjeter. This 
nanosphere formulation contained 33.6% (w/w) amphoteridn B. as determined by extraction in dimethylsullbx- 
idemelhand (10:90) and reversei)hase (CIS) high performance liquid chromatographic (HPLC) analysis of 
extracted anphoteridn B. Upon aqueous suspension of the nanospheres in Intravenous injection solution. 5.3% of 
the total drug (= the surface fraction) was released rapidly (over 15 ntinutes). The remaining drug, 94.7%. was 
releasedinacontrdledfashion. withat1/2of 24hours. . 

b) The larger fraction comprised microspheres, which ranged from 1-8 micrometers ((im) in diameter. TTiis micro- 
sphere formulation contained 41 .7% amphotericin B (w/w). 2.7% of which was released rapidly, and 97.3% of whi* 
was released in a controlled fashion, with a t1/2 of 32 hours. 

EXAMPLE 9 

TflBUrm the aulitinnarv and adrppulmftnan/ loca li>irtinn of Intravanouslv administered hePar|n-amphoterldn B-F108 
nanosnhere ap H mjcfomheffl formulations Prenaffld flS In EXBItlrie 8 

Organ localization of the amphoteridn B fbrnnilattons prepared as in Example 8. was tested by intravenous injection 
into adult male CBA/J mice. Drug concentrations were analyzed both chemically and histologically Chemical analyses 
were performed by sacrificing the animals at 10 min to 6 hrs postinjection and performing tissue homogenization, drug 
extraction and HPLC quantification of drug (as described tor the microspheres, in Example 8, above). Histological anal- 
yses of armhotericin-poloxymer localization and tissue^ibregion distribution were performed by sawif idng the animals 
at 15 minutes postinjection, and performing a spedal Wstodiemlcal stain (extended dl red O) on the 10-micron thi* 
sections, representative of all major body organs. 
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Histologic results revealed that carrier localization and uptake by endothelium at all anatomic sHes. was neatly 
complete in 10 min and entirely complete at 15minpostinje<*«,. By HPLCan^^^ 

of dSecBon at 10 minutes and undetectible at 1 hour postinjection. Hence, the l-hour chemioa^data (below) repr^irt 
eauilibtated biodistributions. The 1-hour results for both the nonembolizing nanospheres and marginally embolizmg 
nScrospheres of Example 8. were compared with those of standard amphotericin B (Fungizone™ formu ated as a simple 
arl^ericin BnlScholate nanoemulsion (E.R. Squibb and Sons. Inc.. Princeton. NJ). All doses of amphotenan B 
were maintained at 0.75 mg/kg of body weight. 

(1) Biodistribution of nanoparticulate heparinamphotericin B-F108 at 1 hour postinjection: 

(a) Total body drug recovered 70%; 

(b) Organ concentrations (ng amphotericin/gram tissue, wet weight): lungs 15. liver a3. kidneys 1.1. spleen 
6.2. brain 0.20. heart 1.4; , 

(c) Percentage of injected dose localized per gram of tissue (wet weight): lungs 52. liver 29. kidneys 3.8. spleen 

21, brain 0.7. heart 4.8. 

(2) Biodistribution of micrcparticulate heparinamphotericin B-F108 at 1 hourposliiiiection: 

(a) Total body drug recovered 55%; , « . « ^ , _ 

(b) Organ concentrattons ftig amphotericin/gram fissue. wet weight): lungs 25.7. liver 5.0. kidn^ 0.4. spleen 

2.2. heart 0.3. brain ^ , _ ^ , 

(c) Percentage of injected dose localized per gram of tissue (wet weight): lungs 94. liver 18. kidney 1 .4. spleen 

8.2. heart 0.4, brain 0.5 

(3) Biotfstributton of Fungizone™ (amphotericin B-deoxycholate nanoemulsion) at 1 hour postinjection: 

(a) Total body drug recovered 58%; 

(b) Organ concentrations (ug amphotericin/^ tissue, wet weight): lungs 4.0. Over 6.7. kidn^ 2.5. spleen 

lc)P&c^gd&lii(itea dose localized per gram of tissue (wet weigW}: lungs 1 4. liver 24. kidneys 9.2. spleen 
38.3, heart 1.3. brain 0. 

These results establish that preferential and rapid lung uptake of intravenously administered amphotericin B occurs 
when it is formulated as heat-stabilized heparin-F108 spheres of either subembolizing or embolizing diameters. Th«e 
results of drug localization correlate exactly with the morphometric results of carrier localization, which were earlier 
obtained. As presertedinthepresert application, the chemical uptakeandanatomicsubregionk)cationsdamp^ 

B entrapped in subembolizing nanospheres, further establish that the mechanism of uptake is as follows: eridothelial 
bioadhesion. plus induced active endothelial envelopment and transport of the heparin-coated particles into the tissue 
interstitium. Further evidencefor initial endothelial bioadhesion is provided by the observation that the 1 -hour lung uptake 
of heparin-amphotericin B nanoparticulates is decreased by 52% if soluble heparin is injected at the sarne time as 
heparin-drug particles. Further evidence that active endothelial transport of amphotericin B is induced by the heparin 
surface is provWed by the combined results that lung sequestration of drug is nearly complete and Wood levels neariy 
zero at the very early time of ten minutes following intravenous injecton. Such rapid and elfiaent uptake is not observed 
for dextran and agarose placebo particles which lack the heparin surface coating. .u. 

Thequantity of anphoteridn B which becomes deposited in the lung after one hour, also remains largely within that 
organ at extended times, as assessed both histologically and by delayed chemical analyses. By chemical analysis the 
6-hour retention of amphotericin B within the lungs of 6-month-old adult CBA/J mice was 60 to 70 percent of the 1 -hour 
values By histochemical staining, amphotericin B distributes widely within lung alveoli, pulmonary interstitium. respira- 
tory epithelium.'and broncWaWracheal lymph nodes, "mis indicates that tissue percolation of the drug carrier is extorsive. 

and that such percolation can provides wide coverage of both the primary tissue targets and the secondary, lymphatic 
drainage routes. In the occasional mice which had acquired focal pneumonitis (spontaneous mycoplasma infections), 
the density of nanospheres and miaospheres was significantly higher in these fbci of infection than in the surrounding 
normal tissues. This indicated that heparin nanospheres (and microspheres) have an additional advantage of secondary 
lesional accumulation (of amphotericin B). Hence, although extra-pulmonary redistribution occun-ed. its extent was minor, 
and inuortanUy. the intra-pulmonary redistribution which also occurred, favored the selective accumulation and pro- 
longed retention of drug in sites of infection (vis a vis normal tissue components). 

An intentional supeidose of (subembolizing heparin-amphotericin B-F-108 nanospheres was administered intrave- 
nously to a group of mice, in order to test the systemic organ uptake virhich occurred following supersaturation of lung 
receptors. This resulted in secondary organ clearance by the liver, however, the histologic pattern differed importantly 
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from that usually observed with nonspecific (nonlocalizing) particulates in that these new heparin particles became 
localized within hepatocytes. as well as Kupffer cells. This established that the heparin particles experienced general 
endothelial^ell uptake rather than preferential phagocytic-cell uptake. The heparin-amphotericin B-F108 nanospher^ 
also continued to avoid the kidneys (major site of amphotericin toxicity). These results, together with the previous r^te 
of brain uptake by selective carotid arterial perfusion (Example 5.b.). establish that it is also possible to achieve high- 
efficiency endothelial bioadhesion. selective drug uptake and retention at sites (organs) other than lung. 

EXAMPLE 10 

Formulation of » TDMAC hepq rf"-^ed '■P'd nanoemulsion contfllnina amphotericin P 

This nanoemulsion was produced by reformulating the FDA-approved lipid emulsion. 20% (w/v) Intralipid (KabiVit- 
rum Inc Alameda. CA) by adding amphotericin B at 1 5% (w/w) to the emulsion, allowing it to stir into the (soybean) oil 
component of the emulsion for 20 minutes, then adding TDMAC heparin (Polysciences. Inc.. Warrington, PA) at 0.2% 
(wM) to the resulting composite, and sonicating this for 20 seconds, in order to accelerate the incorporation of TDMAC 
heparin into the egg-yolk phospholipid surface. The resulting composite lipid-emulsion particles ranged from 200 to 700 
nanometers in diameter, and were stable (by Inverted light-microscopic analysis) for longer than 2 hours (sufficient to 
permit controlled intravenous infusion). 



EXAMPLE 11 



Tftfitinp the Duimnnary and extra p .iimnnarv localization Of intravenouslv administered TPMAC heparin-amphoterlcin P- 

lipid nanoemu lfiinn prepared in Example 10 

The TDMAC heparin-lipid nanoemulsion of amphotericin B (formulated as in Example 1 0) was injected intravenously 
into adult male CBA/J mice. At 1 hour postinjection. the lung-to-kidney ratio of amphotericin B content was inaeased 
significantly to 1 .44:1 (relative to that observed for Fungizone™. = 1 .1 7:1). Also, dmg concentrations in the spleen, liver 
and kidney were reduced by multiples of 2.2 and 1 .6. and 1 .7. respectively, relative to those achieved by an equal dose 
of Fungizone™ This established the capacity of TDMAC heparin-lipid microemulsions of amphotericin B, to minimize 
the pronounced phagocytic uptake both by the reticutoendothellal organs/cells, as well as the clearance by kkJneys (ttie 
organs of major toxicity). ^ . ^ -ru- 

Special histologic staining was performed on the frozen sections of all organs at twelve minutes postinjection. This 
confirmed moderate staining intensity and homogeneous distribution in lung alveoli, of theTDMAC heparin-lipid emulsion 
of amphotericin B. It further indicated that signrf icantiy less of the Fungizone™ emulsion became localized in the lung. 
These results indicate that heparin modification of nanoemulsions resulted in improved pulmonary focalization of ampho- 
tericin B. Although this localization was less efficient than that afforded by stabilized nano- and microcarners. it was still 
significantly more efficient tiian that afforded by a simple nanoemulsion (without heparin). 



EXAMPLE 12 



Fnfmulation of a heparln-clsr)latin. oaired-ion emuisipn complex 

The FDA-approved antitumor drug dsplatin (Platinol™. cis-dlaminodichloro platinum coordinate. Bristol Uboralo- 
ries Syracuse, NY) was reformulated as a metastable heparin complex, by rehydrating Platinol™ with distilled water at 
a concentration of 10 mg/ml. mixing the drug with beef lung heparin (Upjohn Co.. Kalamazoo. Ml) at weight ratios of 
1-11 (cis-platin to heparin, w/W). and ultrasonifying for 1 .5 min, in order to accelerate tiie formation of paired-ion com- 
plexes between the amino groups of cis-platin and the sulfate groups of heparin. TWs resulted in a heparin-coated cis- 
platin microemulsion complex, with particle dimensions of 0.2-1 .5 um (dsplatin itself being insoluble at concentrations 
above ca. 2 mg/ml). The resulting microemulsion complex remained stable for longer than 1 hour at 22-C (sufficient for 
controlled intravascular infusion). 

EXAMPLE 13 

Testing theoulmonarvandextr a pulmonarv localization of intr a venouslv administered heoarin-cis^^^^^ 
sion complex p repared in Example 12 

The heparln-cis-platin microemulston complex prepared In Example 12, as well as native ds-platin (Platinol™. dis- 
solved at 1 mg/ml to produce complete sdubillty) were infused intravenously into different groups of adult male CBA/J 
mice. The mice were sacrificed at 15 minutes postinjection, and histologic sections of all organs were stained by an 
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intensified Prussian blue iron reaction, which identified (semiquantitatively) all of the intracellular platinum and most of 
the extracellular platinum present in target tissues, by staining tt aquamarine blue. (This newly developed stain was 
initially tested on ds-platln iiufltta in order to document the specificity and color of platinum staining.) Results were as 
follows: 

(a) Mice receiving standard intravenous Platinor™ showed moderate-to-intense staining of the liver (centrilobular 
regions) and almost no staining of lungs. _ 

(b) Mice receiving the reformulated heparin-cisplatin emulsion complex showed moderate-to-intense staining in the 
lungs as follows: occasional endothelial staining: substantial staining of lung interslitium. alveolar pneumocytes. 
respiratory epithelium and bronchial and tracheal lymph nodes; and to a much lesser extent, alveolar macrophages. 
There was no evidence of pulmonary endothelial toxicity (which, if present, would have appeared as endothelial 
vesiculation. deposits of extravasated plasma protein, extravasated erythrocytes, and/br Intravascular coagulation). 
Liver staining was approximately 1/10th as abundant as lung staining. 

These results establish that high concentrations of Platinol™ (which are usually toxic to endothelium) can be suc- 
cessfully reformulated as a heparin microemulsion complex, and that the heparin component can induce endothelial 
binding and transcellular uptake of the complexes in a f&shton that protects the endothelium from the toxic effects of the 
drug These results further indicate that cis-platin (PlatinoH need not be formally microencapsulated in matrix or emul- 
sion carriers, in order to undergo endothelial binding, uptake and preferential tissue access/localization. Rather, it is 
effective when reformulated on site using a reagent kit (device) comprising heparin. 



EXAMPLE 14 



E pithelial uotakft of heparin-iro n particles into the iunos following IntratraqhQal gdmlnistrQtion 

Heparin nanospheres, 200-800 nm in diameter, were prepared as in Example 8 (above), except that the metals, 
iron oxide (Fe304) and ionic iron (Fe*3), were microencapsulated In place of amphotericin B, in order to allow subsequent 
histochemlcal identification of the entrapped materials in tissue sections, using the Prussian blue iron stain. 

Nanospheres (0.5 cc of a 0.5 mg/ml suspension in 0.1 5M NaCI) were injected Into the trachea of pentobariaital- 
anesthetized adult male CBA/J mice. The mice were sacrificed at 15 minutes postinjectlon. histologic sections of the 
lungs prepared, and the sections stained using the standard Prussian blue Iron reaction, in order to identify the quantify 
and positions of microspheres and entrapped iron. Thelungs stained positively for microsphe 

in a pattern and Intensity identical to those observed following intravenous administration of the amphotenan-containing 
nanospheres (described in Examples 8 and 9. above). The staining of liver and kidneys was negligible to very low. This 
established that stabilized heparin nanocarriers (with heparin surfaces) were taken up Into lung tissue by epithelial trans- 
port that tiiese carriers deposited a pulmonary resenrair of the entrapped materials (iron compounds), and that a high 
pro^rtion of the injected dose became localizedinthelung8(reIative to other organs) whe 

EXAMPLE 15 

E pithelial ut3take of heparin nanorj^rrieis into th e bladder, small and laroe bowel (and the draining pprtal plrgglatipn) 
fQllowina intrq rr^vltary administration 

Nanospheres prepared as in Example 14, were Introduced by needle injection into isolated small and large bowel 
segments, or into the bladder off pentobartDital-anesthetized adult male CBA/J mice. The mice were sacrificed 20 minutes 
after nanosphere administration, and the tissues prepared and stained as in Example 1 4. Moderate to marked staining 
was present in the superficial and deep mucosal layers of both the small and large bowel. Occasional staining was 
identified in the portal (draining) capillaries and mesenteric lymphatics of the injected bowel segments, and in tiie deep 
capillaries of the bladder wall. These results indicated that localized uptake of heparin-coated nanospheres across tiie 
bowel and bladder mucosa was achieved by the transepithelial routes. They finally indicated tiiat a portion of the drug 
particulates taken up via the gastrointestinal tract, were made available for liver and/or systemic distribution via tiie portal 
circulation; and that secondary drug taigeting at systemic sites Is possible following enteric administration of the partic- 
ulate carriers formulated as in Examples 1-3 and 14. 



20 



EP 0 352 295 B2 



EXAMPLE 16 

PfAfPrential acctimuiatiQn of intmvpnQuslv ad m inistered heparin-coated nanoparticles in the tiimorsQf BuffalQ bear- 

jpg Mnrris 7777-<:train hepatQCelll ilPr r.arninomas QfOWn in the liver.iUPqS SHd SUbCtitaneWS SlteS 

The heparin-iron particulates formulated as In Example 14, were tested, as were heparin-coated. heat-stabilized 
nanoparticles (200-900 nm in diameter, prepared identically, except using albumin as a matrix; and using beef-lung 
heparin Upjohn Co.. Kalamazoo, Ml. as a surface coating applied by fluid reemulsification). Thesemarker particles were 
inieded'intravenouslylntopentabaibital-anesthetized Buffalo rats bearing 7777-s 

of the liver or subcutaneous hind limb (primary sites) and the lung (metastatic site). Tumor accumulation and subregion 
distributions were assessed histochemically (as in Example 14) at intervals of 20 min to 2.5 hrs postinjection. By mor- 
phometric analysis, early (20-min) and prolonged (2.5-hr) accumulation was observed in the tumor interstitium, within 
the tumor ceils themselves, and in occasional host macrophages. Such accumulation was observed regardless of the 
gross anatomic site of tumor. The ratios of stainable tracer metal present in tumor, versus adjacent and distant normal 
tissues was between 4:1 and 10:1 (for tumor masses at all three body sites). Importantly, the staining patterns also 
revealed widespread tumor percolation of the carriers, and further established the preferential accumulation of tracer 
iron in the following tumor subregions most relevant to drug therapy (diagnosis): 

a) at the boundaries between tumor and adjacent normal tissues (Le^ the most actively growing subregions): and 

b) atthe boundaries between viable and centrally necrotic (dead) turnor, plus thece^^ 

These results indicate that intravenous administration of the heparin-iron nanoparticles allows them to: 

(1) distribute m t^^e systemic vasculature, 

(2) become selectively localized in a representative malignant tunfKDr, 

(3) Percolate widely throughout the tumor interstitium. 

(4) become selectively concentrated in the therapeutically and diagnostically relevant subregions of tumor, and 

(5) become taken up semiselectively by tumor cells (due to the accentuated cellular uptake of a sulfated polyglucose 
compound, ag^ heparin, by the induced aniontransport channels of malignant versus normal hepatocyte. 



EXAMPLE 17 

Formulation of heparin-coatabla albumin mic m fipheres containing the micrQencaPSHlated WomO^MlatOT, reffOmWoant 
human interleukin 2 

The biological response modifier, recombinant human interleukin 2 (125-ala-mod'ified IL-2. Amgen Ck)rporation. 
Thousand Oaks. CA). was microencapsulated in albumin microspheres and nanospheres (with diameters as described 
in Example 8, above) by emulsion-polymerisation entrapment. In order to maximally preserve biological activity, the 
albumin-interleukin copolymeric matrix was stabilized by chemical cross-linking with fresh 0.5 to 7.0% formaldehyde 
(instead of heating), and the cross-linking reaction was quenched with excess glycine. Upon aqueous hydration. IL-2 
was released from the spheres in a biologically active form, with a t1/2 of 42 minutes (as assessed by the biological 
effects of release supernatants on the incorporation of tritiated thymidine by 1L-2-dependent T-cell lines tested invilrQ). 
This microsphere formulation of IL-2 was amenable to direct coating (of the preformed particles), both wrth TDMAC 
heparin (as described in Example 10. above), and standard heparins (beef-lung heparin. Upjohn Co., Kalamazoo. Ml. 
as described in Example 2.b) and with porcine intestinal mucosal heparin. Sigma Chemicals. St. Louis. MO). These 
results establish that the biological response modifier, IL-2, which comprises a globular protein, can be entrapped in 
particulate earners which become selectively localized in tumors and/or the lungs and brain (as described above). 



Claims 

1. A drug carrier or a diagnostic carrier composition comprising a drug or diagnostic agent in combination with a 
multivalent binding substance which binds to determinants of endolhelia or epithelia that separate the blood com- 
partment or external body surfaces from underlying tissues or sites of disease, said binding substance inducing 
transendothelial or transepithelial transport of the drug or diagnostic agent across said endothelia or epithelia into 
proximal tissues or sites of disease, saki composition comprising a carrier having a non-embolizing size of less than 
3|im. 

2. The conposition of claim 1 wherein said non-embolizing carrier has a size of less than about 0.2 jim. 
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3 The composition of clam 1 wherein sad binding substance is selected from carbohydrates, poly-, oligo- or monosac- 
charides, proteins or peptides, glycosamfnoglycans or negatively charged polysaccharides and oligosaccharides. 

4 The composition of claims 1 or 2 wherein said binding substance is selected from lisinopril. benzoylphenylalanyl- 
alanylprolin. intercellular adhesion molecule ICAM-1 . chondroitin sulfate, dexlran sulfate, cytoadhesion molecules. 
interleukin-1, endothellal-binding ligands. or. lisinopril conjugates. 

5. The composition off any of claims 1 to 3 wherein said binding substance is dermatan sulfate. 

6. The composition off any off claims 1 to 3 wherein said binding substance is heparin, a heparin fragment, heparan 
sulfate, heparin synthetic analogues or heparin sulfate. 

7. The composition of claim 1 wherein said carrier comprises one or more of macromolecules. microaggregates. micro- 
partides and emulsions. 

8. The composition off clam 1 wherein said drug or dfagnostic agent is contained by the carrier. 

9 The composition of daim 7 wherein said micropartides are coated with heparin, heparin fragments or synthetic 
heparin analogues which bind to the complementary heparins and heparan sulfates present on endothelia or epi- 
thelfa. 

10. The composition of claim 1 wherein the drug canier or (fiagnostic carrier composition comprises carriers having a 
matrix containing profamine and a bound surface coating off heparin. 

11. The composition of daim 1. wherein said drug canrier or diagnostic carrier composition comprises carriers having 
a matrix containing a polyamine or polyimine. 

12. The composition of claim 1 wherein the drug carrier or diagnostic carrier composition comprises a canrier having a 
matrix containing either pentosan polysuHate or a poly-COOH compound. 

13. Thecompositionofdaimlwhereinsaidbindingsubstencebindspreferentiallytoacti^^^ 
and has the property of indudng active endothelial transport. 

14. The composition of claim 1 wherein said binding substance also binds to subendothelial molecules and structures 
exposed by endothelial activation or disease. 

1 5 The composition of claims 1 wherein said determinanls are on or physically assodated with endothelia a epithelia. 
and the binding substance is one or more of interleuWn 1 . heparan sulfate or an endothelial cytoadhesion molecule. 

16. The composition of claim 1 wherein the drug or diagnostic agent is an antifungal drug, in particuter amphoteridn B. 

17. The composition of claim 1 wherein the drug or dagnostic agent is an antimicrobial drug selected from aminogly- 
cosides, cephalosporins or antivircU agenta. 

18. The composition of claim 1 wherein the drug or diagnostic agent is an antitumor drug, in particular dsplatin. 

1 9. The composition of daim 1 wherein the drug or diagnostic agent is an antiinflammatory agent, in particufar steroids, 
steroid analogs or penicillamine. 

20. The composition of claim 1 wherein the drug or diagnostic agent Is a cardiovascular or pulmonary drug, in particular 
heparin, tissue pfasminogen activator, probucol or otiier antilipidemic agent, an anti-asthmatic agent or platelet 
activating factor inhibitor. 

21. The composition of claim 1 wherein the drug or diagnostic agent is a biological response modifer. In particular 
interleuWn 2 (IL-2), tumor necrosis factor (TNF), peptide 1 1 or other antimetestetic peptide. 

22. The composition of claim 1 wherein the drug or diagnostic carrier is a micropartide containing entrapped antpho- 
teridn B at a percentage greater tiian 70 %, solubilized with a polyoxyelhylene-polyoxypropylene block copolymer, 
in a stabilized matrix coated with heparin. 
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23. The composition of claim 1 wherein the drug or diagnostic carrier is a micropartide containing amphotericin B. 
solubilized with gamma cyclodextrin, in a stabilized matrix coated with heparin. 

24. The composition of claim 1 wherein the drug or diagnostic carrier is a micropartide for which the endothelial or 
epithelial binding substance is covered by a removable coating which renders the binding substance unexposed to 
extemal contact, wherein the removable coating is subject to removal by a triggering event selected from lowered 
pH. temperature alteration, contact with normal or abnormal endothelia. altered enzyme levels, radiofrequency or 
ultrasound energy, magnetism, or electridty. 

25. The oonposition of dalm 1 wherein the drug or diagnostic agent is bound to carrier subslituents to form a paired 
ion complex. 

26. The composition of daim 1 wherein the drug or diagnostic agent is the antitumor drug cisplatin formulated as a 
paired ion complex, wherein the resulting dsplatin heparin complex is stable in vivo by the criterion of histologically 
documented exlravascular translocation of the combined platinum and heparin components across intact lung-cap- 
illary endothelium following intravenous administration. 

27- The corr^osition off claim 1 wherein the drug or diagnostic agent is iron oxide or ionic iron. 

28. Thecorrposition of claim 1 whereinthebindingsubstanceisfhesameasthedrug or diagnostic agent, and comprises 
a microsphere or molecular miaoaggregate of heparin, heparan sulfate, heparin fragments, synthetic heparin ana- 
logs, dermatan sulfate or dextran sulfate. 

29. Use of a drug carrier or a diagnostic carrier composition comprising a drug or diagnostic agent in combination with 
" a multivalent binding substance which binds to determinants of endothelia or epithella that separate the blood com- 
partment or external body surfaces from underlying tissues or sites of disease, said binding substance indudng 
transendothelial or transepithelial transport of the drug or diagnostic agent across said endothelia or epithella into 
proximal tissues or sites of disease, said composition comprising a carrier having a non-embolizing size of less than 
3 nm; for the manufacture of a medicament for the treatment or diagnosis of fungal infections, microbial infections, 
viral infections. Inflammation, abscesses, tumors, cardiovascular abnormalities, pulmonary abnormalities, multiple 
sderosis. thrombosis, infarcts, diabetic angiopathy, acute and chronic arthritis, disseminated intravascular coagu- 
lation, genetic diseases, degenerative diseases, endometriosis, infertility, allograft rejection, asthma, pulmonary 
emphysema, foci of tissue or endothelial disease. 

30. Usea6daimedlnclaim29whereintranscellulartransporti8conripietedwithintw^^ 
contact under in who conditions of microvascular blood flow. 

31. Use as daimed in claim 29 or 30 wherein said binding substance is selected from heparin, a heparin fragment, 
heparin synthetic analogues, heparin sulfate or heparan sulfate. 

32. Use as daimed in daims 29 or 30 wherein said binding siibstance is dermatan sulfate. 

33. Use as daimed in any of daims 29 to 32 wherein the drug carrier is in a pharmaceutically acceptable solution 
suitat)le for Intravascular or other parenteral injection. 



PatentansprQche 

1 . Tragerzusammensetzung f Qr ein Arzneimittel oder diagnostisches MIttel. die ein Arzneimittel oder diagnostisches 
Mittel in Kbmbination mit einer mehnwertigen Bindungssubstanz umfaOt, welche an Endothel- oder Epithel-Deter- 
minanten bindet. die die Bluttompartimente oder die ftuSeren KOrperoberf lachen von darunter llegenden Geweben 
Oder Krankheitsherden trennen. wobei die Bindungssubstanz den transendolhelialen oder transepithelialen Trans- 
port des Arzneimlttels Oder des diagnostischen Mitlelsdurch die Endothelien oder Epithellen in sich anschlieBende 
Gewebe Oder Krankheitsherde induziert, wobei die Zusammensetzung einen Trflger mit einer nicht-embolisierenden 
GrdBe von weniger als 3 fun umfaBt. 

2. Zusammensetzung nach Anspruch 1 , wobei der nicht-embolisierende Trflger eine GrOSe von weniger als etwa 0.2 
^m hat. 



23 



EP0352 295B2 

3 Zusammensetzung nach Anspruch 1 . wobei die Bindungssubstanz ausgewahit 1st aus Kohlenhydraten, Poly-. Oligo- 
oder Monosacchariden, Proteinen oder Peptiden, Qlykosaminglykanen Oder negativ geladenen Pdlysaccharlden 
und Oligosacchariden. 

4 Zusammensetzung nach Anspruch 1 oder 2, wobei die Bindungssubstanz ausgewahlt ist aus Usinopril. Benzoyi- 
Phenyialanyl-Alanylprolin. dem intrazelluiaren AdhasionsmolekQI ICAM-1. ChondroitinsuHat, Dextransulfat, Cytoad- 
hasionsmdekuien, InterleuWn-l. endothelialen Bindungsliganden oder Usinoprilkonjugaten. 

5. Zusammensetzung nach einem der AnsprOche 1 bis 3, wobei die Bindungssubstanz Dermatansulfat ist. 

6. Zusammensetzung nach einem der AnsprOche 1 bis 3. wobei die Bindungssubstanz Heparin, ein Heparinfragment. 
Heparansulfat. synthetische Heparinanaloga Oder Heparinsultat ist. 

7. Zusammensetzung nach Anspruch 1 . wobei der Trager ein oder mehrere makromolekOlen, Mikroaggregaten. Mikro- 
partikeln und Emuisionen umfoBt. 

8. Zusammensetzung nach Anspruch 1 . wobei das Arznelmittel Oder diagnostische Mittel in dem Trager enthalten ist. 

9. Zusammensetzung nach Anspruch 7. wobei die Miloropartikel mit Heparin. Heparinfragmenten oder synthetischen 
Heparinanalogen beschichlet sind. welche an die komplemertdren Heparine und HeparansuHate, die auf den Endo- 
thelien oder Epithelien anwesend sind. binden. 

10. Zusammensetzung nach Anspruch 1 . wobei die Trftgerzusammensetzung fOr ein Arzneimittel oder diagnostisches 
Mittel Trager mit einer Matrix umfaSt. die Protamin und eine gebundene Oberfiachenbeschichtung von Heparin 
enthdit. 

1 1 . Zusammensetzung nach Anspruch 1 , wobei die Trftgerzusammensetzung fOr ein Arzneimittel oder diagnostisches 
Mittel Trager mit einer Matrix umfaBt, die ein Polyamin oder Polyimin enthan 

12. Zusammensetzung nach Anspruch 1 , wobei die Tragerzusammensetzung fOr ein Arzneimittel oder diagnostisches 
Mittel einen Trftger mit einer Matrix umfaBt. die entweder Pentosanpolysulfat oder eine Poly-COOH-Verbindung 
enthdit. 

13. Zusammensetzung nach Anspruch 1. wobei die Bindungssubstanz vorzugsweise an akliviertes oder erkranktes 
Endothelium bindet und die Eigenschaft hat. den akliven endothelialen Transport zu induzleren. 

14. Zusammensetzung nach Anspruch 1. wobei sich die Bindungssubstanz auch an subendothellale MolekOle und 
Slrukturen bindet, die durch endotheliale AklMemng oder Erkrankung exponlert worden sind. 

15. Zusammensetzung nach Anspruch 1 , wobei sich die Determinanten auf Endothelien oder Epithelien befinden oder 
kOrperllch mit Endothelien oder Epithelien assoziiert sind, und die Bindungssubstanz eine oder mehrere von Inter- 
leukin 1 . Heparansulfat oder ein endotheliales ZelladhasionsmolekOI ist. 

16. Zusammensetzung nach Anspruch 1, wobei das Arzneimittel oder diagnostische Mittel ein Anti-Pilz-Arzneimittel, 
insbesondere Amphotericin B. ist. 

1 7. Zusammensetzung nach Anspruch 1 . wobei das Arzneimittel Oder diagnostische Mittel ein anU-mikrobiales Arznei- 
mittel ausgewahlt aus AminoglykosWen, Cephalosporlnen oder anliviralen Mittein ist 

18. Zusammensetzung nach Anspruch 1 , wobei das Arzneimittel oder diagnostische Mittel ein Anti-Tumor-Arzneintittel. 
insbesondere ds-Platin, ist 

19. Zusammensetzung nach Anspruch 1. wobei das Arzneimittel oder diagnostische Mittel ein Antl-EntzOndungs-Arz- 
neimittel ist, insbesondere Steroide, Steroidanaloge oder Penlcillamin. 

20. Zusammensetzung nach Anspruch 1, wobei das Arzneimittel oder diagnostische Mittel ein kardiovaskulares Oder 
Lungen-Arzneimittel ist, insbesondere Heparin, Gewebeplasminogenaklivator, Probukol oder ein anderes antllipi- 
demisches Mittel, ein anti-astttmatisches Mittel oder piattchen-aWivierender Faktor-lnhibitor (platelet activating fac- 
tor inhibitor). 
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21 Zusammensetzung nach Anspruch 1 . wobei das Arzneimittel Oder diagnostische Mittel ein Modif ikationsmittel der 
biologischen Antwort ist. insbesondere Interleukin 2 (IL-2). TumornekrosefaWor (TNF). Peptid 1 1 Oder ein anderes 
anti-metastatisches Peptid. 

22 Zusammensetzung nach Anspruch 1 . wobei der Trflger f Or ein Arzneimittel oder diagnostische Mittel ein Mikropar- 
' tikel ist. das eingeschlossenes Amphotericin B zu einem Prozenlsatz grOBer als 70% enthait. solubilisiert mit einem 

Polyoxyethylen-Polyoxypropylen-Block-copolymer. in einer stabilisierten mit Heparin beschichteten Matra. 

23. Zusammensetzung nach Anspruch 1 , wobei der Trager fOr ein Arzneimittel Oder diagnostische Mittel ein Mikropar- 
tikel ist. das Amphotericin B enthait. solubilisiert mit Gammacyclodextrin, in einer stabilisierten mit Heparin beschich- 
teten Matrix. 

24. Zusammensetzung nach Anspruch 1 . wobei der Trager fur ein Arzneimittel Oder diagnostische Mittel ein Mikropar- 
tikel ist, for den die endotheliale oder epitheliale Bindungssubstanz mit einer entfernbaren Beschichtung bedeckt 
ist, die die Bindungssubstanz von einem auBeren Kontakt abhait wobei die entfernbare Beschichtung einer Entfer- 
nung durch ein ausiosendes (triggerndes) Ereignisausgewahit aus erniedrigtempH. Tem^^^^ 

takt mit normalen Oder abnormalen Endothelien. veranderten Enzym-Level. Hochfrequenz- oder Ultraschallenergie, 
Magnetismus oder Elektrizitdt zugdnglich Ist. 

25. Zusammensetzung nach Anspruch 1, wobei das Arzneimittel oder diagnostische Mittel an TOgersubstltuenten 
gebunden ist, um einen gepaarten lohenkomplex zu bilden. 

26. Zusammensetzung nach Anspruch 1 . wobei das Arzneimittel oder diagnostische Mittel das Anti-Tumor-Arzneimittel 
cis-Platin, formuliert als ein gepaarter lonenkomplex ist. wobei der sich ergebende cis-Platin-Heparin-Komplex in 
vivo stabii ist und zwar nach dem Kriterium histologisch dokumentierter extravaskularer Translokation der tombl- 
nierten Platin- und Heparin-Kbmponenten Ober intaktes Ixingenkapillar-Endothelium. im AnschluO auf intravenOse 
Verabrelchung. 

27. Zusammensetzung nach Anspruch 1. wobei das Arzneimittel oder diagnostische Mittel Eisenoxid oder ionisches 
Elsen ist. 

28. Zusammensetzung nach Anspruch 1. wobei die Bindungssubstanz die gleiche wie das Arzneimittel oder diagno- 
stische Mittel ist und eine Mikrosphare oder ein molekulares Mikroaggregat von Heparin. HeparansuHat. Heparin- 
fragmenten, synthetischen Heparinanalogen. Dermatansulfat oder Dexlransulfat enthait. 

29. Venwendung einer Trftgerzusammensetzung fOr ein Arzneimittel Oder diagnostisches Mittel. die ein Arzneimittel oder 
diagnostisches Mittel in Kombination mit einer mehnwertigen Bindungssubstanz umfaBt. welche an Endothel- oder 
Epithel-Determinanten bindet. die die Blutkompartimente oder die auBeren KOrperoberfiachen von darunter liegeri- 
den Geweben oder Krankheltsherden trennen, wobei die Bindungssubstanz den transendothelialen oder transepi- 
thelialen Transport des Arzneimittels oder des diagnostischen Mittels durch die Endothelien oder Epithellen in sich 
anschlieBende Qewebe oder Krankheitsherde induziert. wobei die Zusammensetzung einen Trager mit einer nicht- 
embolisierenden GrOBe von wenlger als 3 >im umfaBt; fOr die Herstellung eines Medlkaments fOr die Behandlung 
Oder Diagnose von Pilzinfektionen. mikrobialen Infektionen. viralen Infektionen, EntzOndung. Abszessen. Tumoren, 
kardiovaskuiaren Anomalien. Lungenanomalien, Multipler SWerose. Thrombose, Infarkten. diabetlscher Angiopa- 
thie, akuter und chronlscher Artritis. disseminierter intravaskuiarer Kbagulation. genetischer Erkrankungen, dege- 
nerativen Erkrankungen. Endometrioses, Infertilitat. Allotransplantat-AbstoBung. Asthma. Lungenemphysem. 
Herden von Gewebe- Oder endothelialer Erkrankung, 

30. Venwendung nach Anspruch 29. wobei der transzelluiare Transport innerhalb von 12 Minuten des Endothelial/Epi- 
thelial-Kbntaktes unter in v/vo-Bedingungen von mikrovaskuiarem Blutf luB vollendet wird. 

31 . Venwendung nach Anspruch 29 oder 30. wobei die Bindungssubstanz ausgewahit ist aus Heparin, einem Heparin- 
f ragment. synthetischem Heparinanaloga, Heparinsulfet oder Heparansulfat. 

32. Venwendung nach Anspruch 29 Oder 30, wobei die Bindungssubstanz Dermatansulfat ist. 

33. Venwendung nach einem der AnsprOche 29-32. wobei der Arzneimitteltrager in einer pharmazeutisch vertraglichen 
LOsung vorliegt. die fOr die intravaskuiare oder andere parerrterale Injekfion geeignet ist. 
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Revendlcations 

1 Une composition de v6hicule de ni6dicament ou de v6hicule de diagnostic, comprenant un agent m6dicamerrteux 
oudediagnosticencoml>inaisonavecunesubstanceliarrtenuiltivalentesellantadesd«erminantsd'endolh6^^^ 

ou tf6pith61iums s^rant le compartiment sanguin ou des surfaces externes du corps davec des tesijs «,us. 
lacentTou des sitesde maladie. cette substance liante induisant un transport transendoth61ial ou trans^ithaialde 
l agent m6dicamenteux ou de diagnostic au Iravers des endolh6liums ou des 6pith6liums jusque dans des sites de 
maladie ou des tissus proximaux. cette composition comprenant un v«hicule possMant une dimension non embo- 
ligdnes inf^rieur k 3 |im. 

2. l-a composition de la revendication 1 . dans laquelle ce v6hicule non emboligdne a une dimension inf6rieur 6 0.2 |ig. 

3 La composition de la revendication 1 . dans laquelle la substance liante est choisie pamii les hydrates de carbone. 
Iespolysaccharides.oligosaccharidesoumonosaccharides.lesprot6inesoulespeptides. lesglyoosaminoglycanes 

ou les polysaccharides et oligosaccharides n^galivement chargte. 

4. Lacort»ositiondelarevendication1ou2.danslaquellelasubstancelianteestchdsieparmilelisin^ 
ph6nylalanylalanylproline. la mol6cule tfadh6sion intercellulaire ICAM-1. le sulfate de chondroltine. le suHate de 
dextrane. des mol6cules de cytoadh6sion. nnterleuldne-1 . des ligands de liaison endoth6liale. ou les conjugute du 
lisinopril. 

5. La composition selon une des revendlcations 1 ft 3. dans laquelle la substance liante est le sulfate de dennatane. 

6. La composition selon une des revendications 1 k 3. dans laquelle la substance liante est I h6parane. un fragment 
d-hfiparine. le sulfate d'h6parane. les analogues synth6liques de m6parine ou le sulfate dlifiparine. 

7. La conposition de la revendication 1 . dans laquelle ledit v6hicule comprend Pune ou phisieurs des fbnnes du groups 
des macromolteules, microagrdgals, micorparticules et Emulsions. 

8. La conposition de la revendication 1 . dans laquelle Pagent m&licatnenteux ou de diagnostic est eontenu par le 
vdhicule. 

9. La composition de la revendication 7. dans laquelle lesdites miaoparticules sort rev6tues d*h6parine. de fragments 
tfh6parine ou d'analogues de synthtee de I'h6parine qui se Kent aux h6parines compl6mentaires et aux sulfates 
d'h6parane prteents sur les endotheliums ou les ^ith6liums. 

10. La composition de la revendication 1 . dans laquelle la composition de v6hicule de m6dicamert ou de v6hicule de 
diagnostic comprend des v6hicules possfidant une matrlce contenant de la protamine et un revStement de surface 
lided'h^rine. 

11. La composition de la revendication 1. dans laquelle la composition de v6hicule de m6dicamert ou de v6hicule de 
diagnostic comprend des v6hicules po8S«ant une matrlce contenant un pdyamine ou un polylmine. 

12. La composition de la revendication 1 . dans laquelle la composition de v6hicule de m6dicament ou de v6hicule de 
diagnostic comprend un v6hicule possMant une malrice contenant soit du polysulfate de pentosans soit un com- 
post poly-COOH. 

1 3. U composition de la revendicaUon 1 . dans laquelle la substance liarte se lie pr6f6rentiellement k un endothelium 
active ou attaint de maladie et poss6de la propri6t6 d'induire un transport endothelial actif. 

14. La composition de la revendication 1 . dans laquelle la substance liante se lie aussi k des molecules et structures 
subendotheiiales expos6es par la maladie ou I'activation endotheilale. 

1 5 La composition de la revendication 1 . dans laquelle lesdits determinants sort sur les endotheliums ou les epithe- 
liums, ou physiquemert associes k ceux-ci. et la substance liante est l une ou plusieurs des substances du groups 
de l'irrterieuKine-1, du sulfate d'heparane ou d une molecule de cytoadh6sion endotheilale. 

16. La composition de la revendication 1. dans laquelle Pagert m6dicamerteux ou de diagnostic est un medicamert 
antifbngique, en particulier I'anphotericine B. 
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17. La composition de la revendication 1 , dans laquelld I'agent m6dicamenteux ou de diagnostic est un agent antimi- 
croblen choisi parmi les aminoglycosides, les c6phalosporines ou les agents antiviraux. 

18. U composition de la revendication 1 . dans laquelle ragent m6dicamenteux ou de diagnostic est un m6dlcament 
antitumoral. en particulier la cisplatina 

19. U composition de la revendication 1. dans laquelle ragent mWicamenteux ou de diagnostic est un agent anti- 
inflammatoire, en particulier des st6roldes, des analogues de 8t6roTdes ou la p6nicillamine. 

20 La composition de la revendication 1. dans laquelle ragent m6dicamenteux ou de diagnostic est un m6dicament 
cardio-vasculaire ou pulmonaire. en particulier rh6parine. ractivateur du plasminog6ne tissulaire. te probucol ou 
autre agent antilipid6mique. un agent antiasthmatique ou un Inhibrteur du facteur deactivation plaquettaire. 

21. La composition de la revendication 1. dans laquelle I'agent m6dicamenteux ou de diagnostic est un modificateur 
' de r6ponse biologique, en particulier rinlerleuWne-2 (IL-2), le facteur de ntoose tumorale (TNF). le peptide 1 1 ou 

un autre peptide antimdtastatique. 

22. La composition de la revendication 1 . dans laquelle le v6hicuIiB de m6dicament ou de diagnostic est une micropar- 
ticule contenant de I'amphot^ricine B pi6g6e en proportion sup6rieure ^ 70 %, solubills6 par un copolym6re bloc 
polyoxy6lhly6ne-polyQxypropyl6ne, dans une malrice stabllis6e rev§tue dli6parlne. 

23. La composition de la revendication 1 . dans laquelle le v6hicule de medicament ou de diagnostic est une mlcropar- 
ticule contenant de ramphot6ricine B, solubilis6e par la gamma-cyclodexlrine. dans une matrice 8tabills6e rev§tue 
d'h6parine. 

24. La composition de la revendication 1 . dans laquelle le v6hicule de m6dicament ou de diagnostic est une micropar- 
ticule pour laquelle la substance llante endoth6liale ou 6plth6llale est recouverte par un rev§lement amoviWe mettant 
la substance llante A I'abrl du contact externe, ce revfitement amoviWe 6tant retir6 par un 6v6nement d6clenchant 
choisi dans le groupe conprenant rabaissement du pH. la nwdification de la temperature, le contact avec des 
endotheliums normaux ou anormaux, des niveaux enzymatiques modifies, une energie radlofrequence ou ultraso- 
nore, le magnetisme ou reiectricite. 

25. La composition de la revendication 1 , dans laquelle le medicament ou agent de diagnostic est tie d des substituants 
du vehicule pour former un complexe ionique apparie. 

26. La composition de la revendication 1 . dans laquelle le medicament ou agent de diagnostic est le medicament anti- 
tumoral constitue par la cisplatine formul6e en un complexe ionique apparie, le complexe cisplatine-heparine resul- 
tant etant stable in vivo au regard du critere de la translocation extravasculaire histologlquement documentee des 
constituants coirt)in6s platine et heparine au travers d*un endothelium intact de capillaires pulmonalres apres admi- 
nistration intravelneuse. 

27. La composition de la revendication 1 , dans laquelle le medicament ou agent de diagnostic est roxyde de fer ou le 
fer ionique. 

28. la composition de la revendication 1. dans laquelle la substance liante est la mSme que le medicament ou agent 
de diagnostic, et comprend une microsphere ou un microagregat moieculaire d'heparine, de sulfate d'heparane. de 
fragments d'heparine. d'analogues de synth6se de I'heparine, de sulfate de dermatane ou de sulfate de dexlrane. 

29. Utilisation d'une composition de vehicule de medicament ou de vehicule de diagnostic, comprenant un agent m6di- 
camenteux ou de diagnostic en oonriblnalson avec une substance liante multivalente se liant k des determinants 
d'endotheilums ou d'epitheilums separant le compartiment sanguin ou des surfaces externes du corps d'avec des 
tissus sous-jacents ou des sites de maladle. cette subsfance liante induisant un transport transendotheiial ou tran- 
s6pith6lial de I'agent medicamenteux ou de diagnostic au travers des endotheliums ou des epitheliums jusque dans 
des sites de maladie ou des tissus proximaux, cette composition comprenant un vehicule poss6dant une dimension 
non emboligenes inferieur e 3 jim ; pour fa realisation d'un medicament pour le traitement ou le diagnostic des 
Infections fongiques. microbiques et viraux, inflammation, abces. tumeurs, anomalies cardiovasculaires et pulmo- 
nalres. scleroses multiples, thrombose, infarcts, angiopathie diabetique, arthrose aigud et chronique, coagulation 
intravasculair diss6minee, maladies g6n6tlques et deg6n6ratlves, endometrioses, infertilite, rejet de rallogreffe. 
asthmes, emphysemes pulmonalres, foyers de maladies tissulaires ou endotheiiales. 
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30. Lutilisationdelarevendication29.danslaquelleletranspoi1te^ 

de contact endoth6lial/6pith6Iial dans des conditions in vivo de d6bit sanguin nfticrovasculaire, 

31. Uutllisation de la revendication 29 ou 30. dans laquelle cette substance liante est choisie parmi I'h6parine. un frag- 
ment d*h6parine, les analogues synth^tiques de m6parine, le sulfate d-h^parine ou le sulfate d'h6parane. 

32. Lutilisation de la revendication 29 ou 30. dans laquelle la substance liante est le sulfate de dermatane. 

33 Uutilisation selon une des revendications 29 ou 32, dans laquelle le v6hicule de m6dicament est dans une solution 
acceptable de manidre pharmaceulique et souhaitable pour une Injection intravasculaire ou par d'autres injections 
parent6rales. 
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